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CO2R5 or NR^R'7. R3 is phenyl optionally substituted by one or two halogen atoms; R^ represents hydrogen or a Ci.4alkyl 
group; R6 and R' independently represent hydrogen or a Cj^alkyl group. R8 represents hydrogen or a halogen atom; m is 
0, 1 or 2; n is 0 or 1 ; are antagonists of gastrin and CCK-B receptors. 
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1,5 - BENZODIAZEPINE DERIVATIVES AND THEIR USE IN MEDICINE 

This invention relates to novel I,S«ben2sodiazepine derivatives, to processes for their 
preparation, to pharmaceutica] compositions containing them and to their use in medicine. 

In particular the invention relates to compounds which are potent and specific 
antagomsts of gastrin and/or cliolecystokinin (CCK). 

Thus, the invention provides compounds of general formula (I) 



alkyl group may be substituted by a hydro)^^, phenyl, C,.^alkoxycarbonyl, C3.^cloalkyI, 
or Cy,,, bridgedcydoalkyl group; 

represents a substituted or unsubtituted phenyl group (wherein the substitutents may 
be 1 or 2 of halo, C,^alkyl, nitro, cyano, trifluoromethyl, trifluoromethoxy, C,^aIkylth]0 
or (CHj)^ wherein R* is hydroxy, C,^alkoxy, COjR* or NR*R^. 
R^ is phenyl optionally substituted by one or two halogen atoms; 
R^ represents hydrogen or a C,^kyl group; 
R^ and R^ independently represent hydrogen or a C,^alkyl group. 
R^ represmts hydrogen or a halogen atom; m is zero, 1 or 2; 
n is zero or i; and pharmaceutically acceptable salts and solvates thereof 

It will be appreciated that compounds of formula (I) possess at least one asymmetric 
carbon atom (namely the carbon atom occupying the 3-position of the diazepine ring) and 
the compounds of the invention thus include all stereoisomers and mixtures thereof 
including the racemates. 




wherein 



represents a phenyl, C3.7Cycloalkyl, C^^j, bridgedcydoalkyl or C,^alkyl group which 
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In the compounds of formula Q) 'alkyl' when used as a substituent or part of a 
substituent group means that the group may be straight or branched. Thus, Cj^ alkyl 
includes methyl, ethyl, n-propyl, isopropy 1, n-butyl, isobutyl or tert-butyl, n-pentyl, 
isopentyl neopentyl, n-hexyl, isohexyl, l^dimethylbutyl, 3,3- dimethylbutyl, 
5 2>dimethylbutyL 

For the group the term C^j^loall^l as a group or part of a group refers to a 
monocyclic alkyl group sudi as cyclopropyl, cylobutyl, qrclopentyl, qrclohexyl or 
cyclohep^L The term C^^ bridged cydoallqrl refers to groups such adamantyl, 
norbomanyl or norbomenyL 
10 For the groups R* and R^ the term Q^Hqrl includes 3-4- cycloalkyl (e.g. 

cyclopropyl or cydobutyl) as well as straight or branched chain alkyl groups as defined 
above. 

Halogen in the definition of compounds of formula (I) may represent a fluoro, 
chloro, bromo or iodo substituent 
15 When R^ is a phenyl group substituted by a single substituent this may be in the 

ortho, para or more preferably in the meta position. 

When R® is halogen this is preferably dilorine or fluorine. 

When m is 1 or 2 the halogen atom(s) e.g. chlorine or fluorine are preferably in the 
7 and/or 8 positions. 

20 The compounds of formula (I) posses at least one asymmetric carbon atom (namely 
the carbon atom occupying the 3-position of the diazeine ring) and particulariy preferred 
compounds of tfie invention or those having the relative stereochemistry shown in 
formula (la) 



1 
R 




SUBSTITUTE SHEET 
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\^erein the solid wedge bond indicates the group is above the plane of the diazepine ring 
and the broken bond indicates the group is below the plane of the diazepine ring. 

When represents an alky! group substituted by a hydroxyl group this is preferably 
a C3.<5alkyl group substituted by hydroxy. Examples of such groups include 
2-hydroxypropyl, 2-hydroxy-3-methylbutyl and 2-hydroxy-3,3-dimethylbutyl of which 
2-hydroxy-3-inetbyIbutyI, and 2-faydroxy-3,3-dimethylbutyl are particularly preferred. 

When R' represent an alltyl group substituted by a C3.7cydoall^l group this is 
preferably a C^^jalkyl group such as ethyl or 1-methylethyl, substituted by a C3.7qrcioaIkyl 
group sudi as cydopenlyl 

When R^ is a bridged (^.^iCydoalkyl group this may be for example an adamantyl 
group sudi as l-adamantyl or 2-adamantyl group or a 2-noibomanyl group. 

When R' is an alkyl group substituted by a bridged C7.|,cydoalkyl group this is 
preferably an ethyl group or more espedally a methyl group substituted by a bridged 
C^^,cydoalkyl group. Examples of suitable briged cycloalkyl groups indude adamantyl 
such as 1-adamantyl or 2-adaman^l, 2-norbomanyl or S-noibomen3d. Most preferably R^ 
rq>resents 1-adamantyimethyL 

When R' is alkyl substituted by phenyl this may be for example ben^ or phenethyl. 

When R' is alkyl substituted by alkoxycarbonjd this is preferably m^^ substituted 
by alkoxycaifoonyl sudi methoxycarbonyl or as t-butos^carbonyL 

A preferred class of compounds of formula Q) is that in which R' represents a phenyl, 
adamantjd, norbomanyl, phenethyl, C^^alkyl e.g. n- butyl, 3-methyl butyl, 3,3-dimethyl 
butyl, 1,3-dimetIiylbutyl, 2,3- dimethylbutjd, hydroxy alkyl e.g. 2-hydroxypropyl, 

2- hydroxy-3- methylbutyl, 2-hydroxy-3,3-dimethylbutyl, C,.2alk^ substituted by a bridged 
C7.,oCycloalkyl group e.g. 2-norbomanyhn^hyl, 5-norbomenjdm^hyl, 2-adamantylinethyl, 
2.adamantylethyl, 2-(l-adamantyl)cthyl, 1-adamantylmethyl, alkoxycarbonylalkyl, e.g. 
methoxycarbonjHbnethyl or t-butyoxycarbonybnethyl, or 2-cyclopentylethyl. 

A particularly preferred class of compounds of formula (I) is that in which R* is 

3- methylbutyI, 3,3-dimethylbutyl, 2-hydro?ty-3-metiiylbutyl, 2-hydroxy-3,3- 
dimethylbutyl, 2-cylopentylethyl, S-norbornmylmethyl or 1-adamantyimethyl. 
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A further prrferred class of compounds of formula (I) is that in which represents 
phenyl optionalfy substituted by bromine, chlorine, fluorine, methyl, methoxy. methylthio, 
trifluorometho>qr, cyano, dim^hylamino or (CHy^CO^^ wherein is hydrogen or ethyl. 
Most preferably R^ rqiresents phaiyl optionally substituted by methoxy, dimethylamino, 
5 qrano, mrthylthio, CO^H or CO^C^s. 

A further preferred class of compounds of formula Q) is that in wMch represents 
phenyl or phen^ mono- or di-substhuted by fluorine, preferably in the ortho and/or para 
po9tion(s). Preferably R^ rq>resents unsubstituted phenyl or orthofiuorophenyL 

A preferred group of compounds of formula Q) those v^er^ R^ represents C^kyl 
10 such as 3-mediylbutyl, 3,3- dimethylbutyl, 2-hydroxy-3-methylbut3i, 

2^ydroxy-3,3-dimethylbut5d 2-cyclopentylethyl, 5-norbomenyhnethyl or I 
adamantylmetltyl; R^ represwits phenyl or phenyl substituted by methojqr, cyano, nitro, 
carboxyl, etho^q^carbonyl, methylthio, or dimethylamino and preferably the substituent is 
in the meta 1-position ; 

15 R^ represents phen^ or ortho fluorophenyl; R^ represents hydrogen, chlorine of fluorine; 
and enantiomers and salts thereof 

A particuiariy pr^rred group of compounds of formula (I) are those wherdn R^ is 
3-methylbutyl; R^ is phen^ optionally substituted in the portion by methykfaio or 
dim^ylamino group; R^ is phm^ or ortho fluoroph^l; R^ is hydrogen or chlorine or 

20 fluorine and m isz^o, 1 or 2. 

A further particulariy preferred group of compounds of formula (I) are those ^^dn 
R' represents l-adaman^lmeth^ R^ is phenyl optionally substituted in the meta position 
by a methyl, m^hoxy, methylthio, nitro, dimethylamino, etho^tycarbon^ or carbo>q^I 
group; R^ is phenyl and R' is hydrogen. Within this group especially preferred compounds 

25 are those wherein R^ is phenyl optionally substituted by dimethylamino, etho?^carbonyl or 
carbo3(yl group 

Preferred compounds according to the invention include: 
N-phei^-N'-[2;j,4,5-tctrahydto-2,4-dioxo-l-(3-meth5dbutyl)-^^ 
benzodiazqnnr3-}d]urea; 
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* N-[ 1 -(3,3-Dimethyl-2-hydroxybut- 1 -yl)-2,4-dioxo-5-(2-fluorophenyl)- 

3,4,5-tetrahydro-lH-l,5-benzodiazq3in-3-yl]->r-phenylurea 
N-phenyl-N'-[2,3,4,5-tetrahydro-2>dioxo-l-(3,3-dimethy^ 
benzodiazepin-3-yl]urea; 
5 N-pheiqrl.N'-[2,3,4,5-tetrahydro-2,4-dioxo- 1-( 1 ^adamantylmethyI)-5- 
pheivl-lH-l,5-bcnzodiazcpin-3-yi]urea; 
N-[2,4-lMoxo-H2-hydroxy-3-inethylbut^5-phenyW^ 
trahydro-lH-l,5-benzodiazepin-3-yl]-N'-phe»ylurea 
N-<3-dimeth34aininopheir^ 

10 me%lbutyI)-5-(2-fh)orophcnyl)-lH-l,5-benzodiazepin-3 

N-[Hl-Adamantylmethyl)-2,4-dioxo-5-pheityl-2,3,4,5-tetrah^ 
benzodiazq)m-3- yl]-N'-(3-ethoxycarbonylphenyl)urea 
N-[Hl-Adainaiitylmethyl>2,4Hiioxo-5-phOTyl-2,3,4,5-te^ 
benzodiazepixH3- yl]r^^*[3-(N,N•^imethylaInino)phenyl]urea 

IS N41-(l-Adaiiuiitylmeth^>2,4-diox 

benzodiazqain- 3-yl}-N*-(3-caibo:(yphen]i)urea 
N-[l-(Adamaxitaiie-l^netltyl)-2,4-dioxo-7-fluoro-5(^ 
lH-l,Sbenzodiazep]n-3-yl]->r(3- dimetfaylaiiimo)phenylurea 
and (+) enantiom^rs and salts thereof 

20 Particulaily preferred compounds according to the invention include: 

N-phenyl-N'-[2,3,4,5-tetrahydro-2,4-^oxo-l-(l-adamantyhnethyl)-5- 
phenyl-lH-l,5-ben20£Bazepin-3-yl)urea; 

N-[l-(l-Adamantylnieth>i>2,4-dioxo-5-phenyl-2,3A5-tetrahydro-lH^ 
benzodiazepin- 3-yl]-N'-(3-carboxyphenyl)urea 
25 N-phenyI-N-[2,3,4,5-tetrahydro-2Adioxo-l-(3-nicthylbutyl)-5- 
^ pheiiyMH-l,5-benzodiazepin-3-yl]urea; 

N-<3-diniethylanunophenyl>N'-[2,3,4,5,-teArahydro-2,4-dioxo-l^ 
niethylbutyl)-S-<2-fluorophenyl)-lH-l,S4>enzodiazepin-3-yl]urea^ 
and the (+) enantiomers thereof and salts thereof. 



30 
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The pharmaceutically accq)table salts of the compounds of formula (£) include * 
conventional saks formed for example fix)m pharmaceuticaUy acceptable inorganic or 
organic acids as well as quateraaiy anunonium acid addition salts. Examples of suitable 
sahs include hydrochloric, hydrobronuc, sulphuric, phosphoric, nitric, perchloric, fiimaric, 

5 acetic, propionic, succinic, glycolic, fonnic, lactic, maleic, tartaric, citric, pamoic, 
malonic, l^droxymaletc, phen^acetic, ghitamic. benzoic, salicylic, fiimaric, 
toluenesulphonic, methanesulphonic, naphthalene-2-sulphonic, benzenesulphonic and the 
like. Other adds sudi as oxalic, vMe not in themsdves pharmaceutically acceptable, may 
be usefiil in the preparation of salts usefiil as intcarmediates in obtaining the compounds of 

10 the invention and thdr pharmaceutically acceptable salts. 

The compounds of fonnula (J) in which represents hydrogen may form 
pharmaceutically accqrtable salts with suitable cations. Suitable pharmaceutically 
accqitable cations include alkali metal (e.g. sodium or potassium) and alkaline eartii metal 
(e.g caldum or magnesium) cations. 

15 References hercinafto to a compoimd according to the invention includes both 

compounds of formula 0) and their pharmaceutically accqrtable salts and solvates. 

The compounds of the invention are potent and spedfic antagonists of gastrin and/or 
CCK. The compounds of tiie invention have been shown to be antagonists of (XK, 
particularly at CCK-B receptors as demonstrated for example by the compound's ability 

20 to inhibit the contractile actions of CCK-4 in the presence of a CCK-A antagonist, in the 
guinea-pig isolated ileum longitudinal musde- myenteric plexus. 

The compoimds of the invention have also been shown to be antagonists of gastrin 
as demonstrated by their abDity to inhibit pentagastrin-stimulated add secretion from rat 
isolated gastric mucosa using the procedure described by J. L Reeves and R. Stables in Br 

25 J-Pharmac., 1985, 86, P-677-684. 

Compounds of fte invention have also been found to have a agnificantly weaker » 
actiwty at CCK-A receptors compared with Aeir activity at gastrin and/or CCK-B 
recqrtors, as demonstrated by their ability to mhibit the contractile activity of CCK-8 in 
guinea-'pig dolated fleum lon^tudinal muscle-nqrenteric plexus. 
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( The preparation and use of guinea-pig isolated ileum longitudinal muscle-myenteric 

plexus has been described by K-H Buchheit et al in Nauyn-Schmeideberg's Arch. 
Pharmacol, (1985), 329, p36-41 and by V.L. Lucaites et al (1991) in J. Pharmacol. Exp. 
Ther., 256,695-703. 

5 The greater afBnity of the compounds of the invention for the CCK-B receptor ov^ 

the CCK-A receptor has also been established u^g the CCK receptor bbding assays 
described by G Dal Fomos et al., J. Pharmcol. Exp & Ther. 261, 1056-1063, 1992. 

The compounds of the invention are therefore useful for the treatment and/or 
prevention of disorders in mammals^ especially humans, ^ere modification of the effects 

10 of gastrin or CCK is of therapeutic benefit. Thus the compounds of the invention are 

useful for the treatment of central nervous system disorders where CCK and/or gastrin are 
involved. For example anxiety disorders (including panic disorder, agoraphobia, social 
phobia, anq)le phobia, obsessive compulsive disorders, post traumatic stress disorder, and 
general anxiety disorder), tardive dyskinesia, depression, Parkinson's disease or psychosis. 

15 The compounds of the invention are also usdiil for the treatment of gastrointestinal 
disorders especially those vAiert there is an advantage in lowering gastric acidity. Such 
disorders indude peptic ulcmtion, reflux oesophagitis and Zollinger Ellison ^drome. 
They may also be usefid for the treatment of gastrointestinal Asorders such as irritable 
bowel syndrome, excess pancreatic secretion, acute pancreatitis, motility disorders, antral 

20 G cell hypeq)lasia, fiindic mucosal hyperplasia or gastrointestinal neoplasms. They may 
also be usefiil for the treatment of dependmcy on drugs or substances of abuse and 
withdrawal, Gilles de la Tourette syndrome, or dysfunction of appetite regulatory 
systems; as wdl as the treatment of certain tumours of the lower o^ophagus, stomach, 
intestines and colon. Compounds of the invention are also useful for directly inducing 

25 analgesia, or enhancing opiate or non-opiate mediated analgesia, as well as anaesthesia or 
loss ofthe sensation of pain. 

Compounds of the invention have also been found to exhibt anxiolytic activity in 
conventional pharmacolo^cat tests. For example in mice in the black<>white box test and 
in the rat sodal interaction model. 



30 
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The invention therefore provides a compound of formula (I) or a phannaceuticaDy 
acceptable salt or solvate thereof for use in therapy, in particular in human medicine. 

According to another aspect the invention provides the use of a compound of 
fonnula (I) or a pharmaceutically acceptable salt or solvate thereof for the manufacture of 
5 a medicament for 4e treatment of conditions where modification of the eflFects of gastrin 
and/or CCK is of lher^)eutic benefit. 

According to a fiirther aspect of tiie invention we provide a method for the treatment 
of a mammal, including man, in particular in 4e treatment of conditions where 
mo(Bfication of the effects of gastrin and/or CCK is of therapeutic benefit which method 
10 comprises administering an effective amount of a compound of formula 00 or a 
pharmaceutically acceptable salt or solvate thereof to the patient. 

It will be ^predated by those skilled in the art that reference herein to treatment 
extends to prophylaxis as well as the treatment of established diseases or symptoms. 

It will fiuther be appredated that the amount of a compound of the invention 
15 reqirired for use in treatment will vary with the nature of the condition being treated and 
the age and the condition of the patient and will be ultimatdy at the discretion of the 
attendant plqracian or veterinarian. In general however doses employed for adult human 
treatment will typically be in the range of 0.01.2000mg per day e.g 0.01-500mg per day. 

The desired dose may conv^endy be presented in a ^gie dose or as divided doses 
20 adnunistered at appropriate intervals, for example as two, three, four or more sub-doses 
per day. 

Because the compounds of the invention antagonise the fimction of CCK in ammals, 
th^ may also be used as feed additives to increase the food intake in animals in daily 
dosages of around Img/kg to lOmg/kg 
25 While it is possible that, for use in therapy, a compound of the invention may be 

administered as the raw ch«nical it is prefOTble to present the active ingredient as a 
pharmaceutical formulation. 

The invendon thus finth^ provides a pharmaceutical formulation comprismg a 
compound of formula (1) or a pharmaceudcally acceptable salt thereof together with one 
30 or more phaimac^cally acceptable carriers therefor and, optionally, other therapoitic 
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and/or prophylactic ingredients. The carrier(s) must be 'acceptable* in the sense of being 
compatible with the other ingredients of the formulation and not deleterious to the 
redpient thereof 

The compo^ions of the invention include those in a form especially formulated for 
oral, buccal, parenteral, implant, or rectal administration. Oral administration is preferred. 

Tabli^ and capsules for oral administration may contain conventional exdpients such 
as binding agents, for example, synip, accacia, gelatin, sorbitol, tragacanth, 
hydroxypropyl cdlulose, mudlage of starch or polyvinylpyrrolidone; fillers, for sample, 
lactose, sugar, nucrociystalline cdlulose, maize-starch, calcium phosphate or sorbitol; 
hibricants, for example, faydrogenated vegetable oils, magnesium stearate, stearic acid, 
talc, polyethylene g^col or silica; disintegrants, for example, potato starch or sodium 
starch glycoUate, or wetting agents such as sodium lauryl sulphate. The tablets may be 
coated according to methods well known in the art. Oral liqiud preparations may be in 
the form o^ for example, aqueous or oily suspensions, solutions emulsions, syrups or 
dbdrs, or may be presented as a dry product for constitution with water or other suitable 
vehicle before use. Such liquid preparations may contain conventional additives such as 
suspending agents, for examplt, sorbitol syrup, meth^ cellulose, glucose/sugar synip, 
gelatin, faydroT^^faylceDulose, caibo?9methyl cellulose, ahinunium stearate gel or 
hydrogenated edible fiits; emulsifying agents, for example, lecithin, scntritan mono-oleate 
or acada; non-aqueous vehides (yAndti may indude edible oils), for example, almond oil, 
fiacdonated coconut oil, oily esters, propylene glycol or ethyl alcohol; and preservatives, 
for example, methyl or propyl p^droxybenzoates or sorbic acid. The compoations may 
also be formulated as suppo^tories, e.g. containing conventional suppository bases such 
as cocoa butter or other glycerides. 

For buccal administration the composition may take the form of tablets or lozenges 
formulated in conventional manner. 

The compo^tion according to the invention may be formulated for parenteral 
admimstradon iryection or continuous infu^on. Formulations for injection may be 
pressed in unit dose form in prefilled syringes, vials and ampoules, or in multi-dose 
containers with an added pres^vative. The compositions may take such fonns as 



wo 93/14074 



PCr/EP93/00098 



10 



suspensions, solutions, or emulsions in oily or aqueous vehicles, and may contain 
formulatory agents such as suspending, stabilising and/or dispersing agents. Alternatively 
the active ingredient may be in powder form which may be obtained by freeze drying for 
constftutioii wth a suitable vehicle, e.g. sterile, pyrogen-free water, before use, 

5 The composition acceding to the invention may also be formulated as a depot 

prqjaiation. Such long acting formulations may be administered by implantation (for 
example subcutaneously or intramuscularly) or by intramuscular injection. Thus for 
example, the compounds of the invention may be formulated wth suitable polymeric or 
hydrophobic materials (for example as an emulsion in an acceptable oil) or ion exchange 

10 resins, or as sparingly sohible derivatives, for example, as a sparingly soluble salt 

The compositions according to the invention may contain between 0. 1 - 99% of the 
acdve ingredent, conveniently from 30-95% for tablets and capsules and 3-50% for liquid 
prq)aration5. 

Compounds of gwieral formula (£) and sahs thereof may be prq)ared by the general 
15 methods outlined herdnafto". In the following description^ the groups R^-R' are as 
defined for the compounds of formula Q unless oth^wise stated. 

According to a first general process (A) compounds of formula Q) may be prepared 
by reacting a compound of formula (U) in vMch X represrats the group -N=0=0, or 
NHCOR' wherein R^ is an optionally substituted phenoxy group or a 1-imidazole group. 




Willi an annne of formula (JH) 

25 

Hjbne (m) 



30 



optionally in the preswice of a base such as a tertiary amine (e.g. trietfaylamine). The 
reaction conveniendy takes place in a suitable solvent such as a halogenated hydrocarbon 
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(e.g. dichloromethane) or an ether (e.g. tetrahydrofuran) or an amide e.g. N,N-* 
dixnethylfonnanide optionally at a temperature ranging from room temperature to the 
reflux temperature of the solvent. 

In a particular aspect of the process (A) when X is the group NHCOR^ and is a 
5 1 -imidazole group, the imidazolide (Q) may be formed in situ in which case the amine of 
formula (m) will be mixed vnth a compound of formula (IV) 



1 



10 




in the presence of carbonjidumidazole under the aforemrationed conditions. 
For process A when X is the group NHCOR' and R^ is optionally substituted 

pheno^QT group the reaction with the primaiy amine (ID) is preferably carried out in the 
1 5 presence of a base such as a tertiary amine e.g. triethylamine. 

For process A when X is the isocyanate group -N=C=0 the reaction with the primary 

amine (DDL) is preferably carried out in an aprotic solvent such as a halohydrocarbon e.g. 

metfajdene diloride. Conveniently the isocyante is generated in situ prior to the addition of 

the primaiy amine (m). 
20 The compounds of formula (11) ^erdn R' is an optionally substituted phenoxy 

group rosy be pr^ared from the primaiy amine (IV) by reaction with the corresponding 

optionally substituted phenyl chloroformate in the presence of a base such as pyridine. 

The reaction may be carried out in a solvent such as a halohydrocabon e.g. 

dichloromethane and at a temperature from 0-50^. 
25 Compounds of formula (H) wherein R^ is a 1 -imidazole group may be prepared by 

reacting a compound of formula (IV) with carbonyldiimidazole in the presence of a 

suitable solvent such as a halogenated hydrocarbon (e.g. dichloromethane) or an ether 

(e.g. t^rahydrofuran) at a temperature ranging from 0^ to 80^ (convenientiy at room 

temperature). 
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Compounds of fonnula (O) wherein X is the isocyanate grouping -N=<;=0 may be 
pr^ared from the primary amine (IV) by reaction with phosgene (COCy in a suitable 
solvent such as methylene chloride. 

According to a fiirther general process (B) compounds of formula (1) may be 
5 prq>ared by reacting a compound of formula (TV) 
with an isoc^ate of fonnula (V) 

0=C=N-R^ (V) 

10 or a carbamoyl chloride of formula (VI) 

C1C(0)NHR^ (VI) 

The reaction conveniently takes place in the presence of a suitable solvent such as a 
15 halohydrocaibon (eg. didhloromethane), an ether (e.g tetrahydrofiiran) or a nitrile (e.g. 
acetonitrile) or a nuxture thereof at a temperature in the range of 0*€ to S(fC. 

Compounds of formula (EV) may be prepared by reduction of compounds of formula 
(Vn) 



20 



25 




(vn) 



wherein W is CH-N3 or C=N-NHPh. 

Compounds of fonnula (VU) wherrin W is CH-N3 may be reduced to a compound of 
fonnula (IV) by hydrogenation in the presence of a suitable catalyst such as palladium, on 
a support such as carbon or calcium carbonate, or platinum (IV) oxide. The reaction 
conv^ently takes place in the presence of a solvent such as an alkanol (e.g. ethanol) an 
est^ (e.g. e&cyl acetate) or acetic add. 



30 
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Compounds of formula (VII) whwein W is C=N-NHPh may be reduced to a 
compound of formula (IV) by reaction with zinc and acetic acid. This reaction may be 
carried out a temperature with the range 0-50°. 

Compounds of formula (VII) wh^ein W is CHN, may be prepared from a compound 
of formula (VH) v^erein W is CH, by treatment with a strong base such as sodium 
hydride or potas^um tert-butoxide followed by tri-isopropyl benzenesulphonyl azide. The 
reaction conveniently takes place in a soh^ent such as an ether (e.g. tetrahydroiiiran) at a 
t^porature in the range of -78° to 20**. 

Compounds of formula (VH) in which W is C»NNHPh may be prepared by reaction 
of the ortho-phenylenediamine (Vm) with the diacid chloride (IX), in a suitable solvent 
such as an ether e.g. tetrahydorfuran 



Compounds of formula (VII) wherein W is CH, prepared by reaction of the 
corresponding compound (X) 



with a compound Y where Y is halogen (e.g.a chlorine or bromine atom) or a mesylate 
group under strongly basic conditions. Thus the reaction may conveniently be carried out 
by pretreating the compound of formula (X) with a strong base such as sodium hydride in 
a suitable aprotic solvent such as an amide (e.g. N,N- dimethylformamide) at a 
temperature ranging from 0^ to reflux. 




(K) 



(Vin) 
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In the above described reaction scheme when the group contains an hydroxyl group 
then this be present in a protected form e.g. as an ether such as an arylmethyl ether 
e.g. a benzyl ether. 

Compounds of fonnula (Vm) are either known compounds or may be prepared by 
analogous mediods. Thus for example a compound of formula (Vni) may be prepared by 
alkylation of the amine (XI). 

. <^ 

R 

Thus the anune (XS) may be reacted vnih the compoimd R' Y, in which Y is dilorine or 
bromine, optionally in the presence of so^m iodide in a solvent such as 
N^-dimethylfonnamide. 

Compounds of fonnula (Vm) wherdn R* represents Ae group • CH2"CH(0BE)R', 
where K\ is a C,^all^ group may be prepared by reaction of compound (XI) with the 
epoxide (XII) in a solvent such as an alkanol e.g. ethanol and in the presence of an add 
catalyst such as p-toluene sulphonic acid. 

CHQ CH— (XII) 

20 Compounds of fonnula (VIII) where in R' is an optionally substituted alkyl group. 

May also be prq>ared from compound (XI) by reaction with a suitable aldehyde or ketone 
with conconntant or subsequent reduction of the reaction product. Thus for example a 
compound formula (VIH) wherdn R* is l,3~dimeth^butyl may be prepared from 
compound (XD) by reaction with methylisobutyl ketone followed by reaction with sodium 

25 borofaydride. 

In general, tiie compounds of formula (TU)^ V and (VI) are either known compounds 
or may be pr^mred according to methods used for the prq)aration of known compounds. 

According to a fiirtiier process (C) a compound of formula (I) may be converted into 
anoth^ compound of formula (J) using conventional techniques. 



15 
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Thus compounds of formula (I) whefdn is a phenyl group substituted by a 
carboxyl group may be prepared by hydrolysis of the corresponding compound of formula 
(I) wherein is a phenyl group substituted by an alkoxycabonyl group. 

In the processes described above the group R' and R^ in the intermediates n, m, V 
5 . and VI may be a group as d^ed in formula (I) or a group convertible thereto. 

The foregomg series of reactions involve a number of alternative pathways which 
may start with the l,S-benzodiazepine of formula (X) as defined above. Thus according 
to a fiirther general process (D) a compound of formula (I) may be prepared by reacting 
a compound of formula (X) in one or more stages vnth reagents serving to introduce the 

10 groups R* and NHCONHRl 

Compounds of formula (I) contain at least one asymmetric carbon atom, namely the 
carbon atom of the diazepine ring to which the substituted urea grouping is attached. 
Specific enantiomers of the compounds of formula (I) may be obtained by resolution of 
the racemic compound using conventional procedures such as chiral HPLC. Alternatively 

IS the required enantiomer may be prepared by the corresponding enantiomeric amine of 
formula (TV) using any of the processes described above for pr^aring compounds of 
formula (I) fiom tiie amine (IV). The enantiomers of the amine (IV) may be prepared 
firom the racemic anune (TV) uang conventional procedures such as salt formation yAA a 
suitably optically active add such as R- camphorsulphonic add. 

20 The following examples, which are non-limiting, illustrate the invention. 

In the Prq)arations and Examples»unless otherwise stated: Mdting points (m.p.) were 
determined on a Buchi m.p. apparatus and are uncorrected. All temperatures refer to OC. 
Infirared spectra were measured in chlorofonn-d, solutions on a FT-IR instrument. 
Proton Magnetic Resonance (1H*NMR) spectra were recorded at 300MHz as solutions in 

25 chloroform-d,. Chemical sWfts are reported in ppm downfield (5) from Me4Si as an 

interna 1 standard, and are assigned as singlets (s), doublets (d), doublet of doublets (dd) 
or multiplets (m). Cohmm chromatography was carried out over silica gel (Merck AG 
Darmstadt, Germany). Solutions were dried over anhydrous sodium sulphate. "Petrol" 
refers to petroleum eth^,b.p.40-6tf'C. Dichloromethane was redistilled over calcium 

30 hydride; tetrahydrofiiran was redistilled over sodhim; ethyl ether was redistilled over 
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sodium and ethyl acetate was dried over activated molecular sieves. The following 
abbreviations are used in the text. EA = ethyl acetate, CH = cydohexane, P = petroleum 
ether 40-60*t, THF = tetralqfdrofLiran, DCM = (Uchlorometfaane, EE = ethyl ether, DMF 
=N,N-dimethylfonnamide. Tic refers to thin layer chromatography on silica plates. All 
5 the compounds are intended as raccmic mfartures unless otherwise indicated. 

Intermediate 1 

2-Fluoro-2'>f3'methvlbut-I'Vnamino-diDh envlamine 
10 l-Bromo-3-methylbutane (4.33nil) was added to a solution of the 2- 

amino-2-fluorodipheiiylamino (7.0g) and sodium iodide (5.24g) in dimethylformamide 
(25Qml) undo- a nitrogen atmosphere. The solution was stirred at 120** for 8h, then cooled 
to room traiperaturei diluted wth w ater (3 00ml) and extracted with diethyl ether 
(2x2S0ml). The combined organic extracts were wadied with brine (300ml), dried and 
15 concentrated in vacuo to an oil, whic* was purified by flash chromatography (ehiting 
with CH-EA 95:5) to give the title compound a s a ydlow ofl (6.3g). TJ.c. CH-EA (9:1) 
RfO.75. 

Intermediate 2 

20 2,4-Dioxcv5-(2>fluQrophenvr^l>f3>methvlbut-l-vlV3-D henvlhvdraz^^^^ 
tetrahvdniKlH>1.5>benzodiazepine 

The intermediate 1 (6.3g) and the 2-phenylhydrazonomaloiQrldichloride (6,8g) were each 
taken up in THF (150ml) and dropped in a flask containing THF (200ml) maintained at 
-5^ under a mtrogen atmosphere. After complete addition the solution was allowed to 
25 warm to room tcn^erature and Am heated to 50° for 2h. The solution was concentrated 
m vacuo to an oil, which was purified by flash chromatography (eluting with CH-EA 8:2) 
to ghre the title compound a s a yettow solid (5.8g). M.p.l04.105° T.Lc. CH-EA ( 7:3). 
RfO.59, 

30 Intermediates 
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3>AminO'2.4-dioxo-S-(2>fluorophenvn- 1 -f 3-methvlbut- 1 -vlV2 J,4.S»tetrahvdro- 
lH>l,5-t>^nzodi^ep}ne 

A solution of the intermediate 2 (5.8g) in glacial acetic acid (SOml) was added,dropwise, 
to a suspen^on of zinc dust (6.37g) in glacial acetic acid (20ml) cooled to 0^. The mixture 
S was stirred at 23^ for 3h, then diluted with water (200ml) and decanted from zinca Solid 
sodium carbonate was added until pH'==9 and the mixture extracted with ethyl acetate 
(2x300ml). The combined organic extracts were washed with brine (300mlX dried and 
concentrated in vacuo to an oil which was purified by flash chromatography (eluting in 
gradient firom CH-EA 2:1 to EA) to give the tide compound as a white foam (2.8g). M.p. 
10 125.tf*. Tic. DCM-mcthanoI (30:1), Rf 0.38. 

Intermediate 4 

2-(33-I)imethylbut-l-vnamino«2-fluoro-diphenvlaniine 

Sodium borohydride (22.7g) was added portionwise to a mixture of the 

IS 2-amino-2*-4uorodiphenylamine (8.0g), sodium acetate trihydrate (16.33g) and 

3^Hlunethylbutyrralddiyde (5ml) in acetic acid (12.8m]X water (SOnd) and ethanol 
(40ml) cooled to 0^. The solution was stirred at 23^ for 30 nmL,then diluted with ethyl 
acetate (300nil) .The orgaiuc layer was washed with a 10% solution of sodium hydroxide 
(3x200ml) and biine (200mlXdried and concentrated in vacuo to an oO, which was 

20 purified by flash chromatography (duttng with CH-EA 9: 1) to give the title compound as 
a yeUow oil (7.44g). TJx. CH-EA (9: 1), Rf 0.85. 

Intermediate 5 

l-(33-IXmethylbut-l"VlV2.4«dioxo-5«f2-fluorophenvlV3-phenvlhvdrazono- 

25 2.3.4,5->tetrahvdro-lH-L5-ben2odiazepine 

The intomediate 4 (7.73g) and the 2-phenylhydrazono- malonyldichloride (7.97g) were 
each taken up in THF (100ml) and dropped in a flask containing THF (300ml) maintained 
at -5® under a nitrogen atmosph^e. After complete addition the solution was allowed to 
warm to room temperature and then heated to 50*^ for 3h. The solution was concentrated 

30 in vacuo to an dl, i;^ch was purified by flash chromatography (duting with CH-EA 8:2) 
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to give the title compound as yeUow solid (lO.Sg). M.p-1 12-1 14". Tic. CH-EA (8:2), 
Rf 0.40. . 

TntermecBate 6 

5 -UAfmnn-l-f3.3w«mrthvlbiit-l.v 1'>-^4-diQXO-S-f7.-flll0roDhe^^ 
m-!-5-benz ^'f^'"ft 

A solution of the intermediate 5 (lO.lg) in glacial acetic add (80ml) was added,diopwise, 
to a suspension of zinc dust (lO.Sg) in glacial acetic add (20ml) cooled to tf* . The 
mixture was stirred at 23" for 2h, then dUuted with water (200niO and decanted 
10 Solid sodium carbonate was added until pH=9 and the sohrtion then esctracted with ethyl 
acetate (3x250ml).The combined organic extracts were washed with brine (400ml), dried 
and concentrated in vacuo to an oil, which was purified by flash chromatography (eluting 
in gradient from CH-EA2:1 to ethyl acetate) to give the title ppmpowd as a white foam 
(5.4g). M.p. 98-100^. Tic DCM-methanol (20:0.5), Rf 0.3. 

15 

Interme&ite? 

9 4-rHc«o-S.f2-fluororhaivlV3-ii«cv aiiate-T-f^ 
tetrahvdfO-lP-1 5-benzo^ a-'ftp«nft 

Phosgene m tohiene (1.93M solution; 7in0 was added to a solution of the intermediate 3 
20 (0.2g) in dichloromethane(3m0. The resulting sohition was stirred at 23" for 5h, then 
concentrated in vacuo at 50^ for 3h to give the title compound as a wiute solid (0.21g). 
Mp- 167-8". 

Tnterme(Bate 8 

25 2 4-Dioxo-S-P-fliinrnpheiwIWl-f3-methvlbu t-l-vlV3-(phenvloxvcarfaonvlaminoV 
9 7 4 S-retrahvdrty- H-l.Mm'T?^'**?P''"' 

PyritUne (O.lSTml) and phenyl chloroformate (0.21ml) were added to a sokdon of the 
intermediate 3 (03g) in ^diloromethane (ISmT) undo- a rntrogen atmosphere. The 
resuhing solution was stirred at 23" for 30min, then washed vnth a 1% solution of 
30 hydrudiloric add (15ml), a 5% solution of sodhun Imogen cari)onate (I5ml) and brine 
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(20ml). The organic layer was dried and concentrated in vacuo to a solid which was 
triturated with ethyl acetate to give the title compound as a white solid (0.3g). M.p. 
226-r. T.I.C. CH-EA (1:1), R^O.75. 

5 Intermediate 9 

W3.3-Dimethvlbut>l-vr^2.4-diQxo->S42-fluoroD henvlV3-(p^ 
Z3AS-tetrahvdro-lH-L5-h ^7^rfift^epine 

Pyridine (0.64ml) and phenyl chlorofonnate (1 .Oml) were added to a solution of the 
intermediate 6 (1 .Sg) in dichloromethane (lOOnil) under a nitrogen atmosphere. The 
10 resulting solution was stirred at 23^for30min, thenwashed witha 1% solution of 

hydrochloric acid (2x70ml), a 5% sohition of sodium hydrogen carbonate (2x70ml) and 
brine (100ml). The organic layer was dried and concentrated in vacuo to a solid which 
was triturated with diethyl etho* to give the title compound as a white solid (1 .4g). MLp. 
199- 2001 TJx. CH-EA (1:1), itf=0.82. 

15 

Intermediate 10 

2>f3 3>Dinriethvl-2>hv droxvfaut-l-vnamino-y-fl^^ 

l,2-Epo7^>3,3-dimethylbutane (7ml) was added, portionTrise, to a mixture of the 
2-anuno-2 -fluorodiphenylamine (7.46g) and p.toluenesulfonic add (0.6g) in ethanol 

20 (30ml) heated to 80^ The mbcture was stirred at 80° for 19h, then concentrated in vacuo 
and partitioned between water (100ml) and ethyl acetate (ISOml). The organic layer was 
washed with a 5% solution of sodium hydrogen carbonate (2xl00ml), brine (150ml), 
dried and concentrated in vacuo to an oil, v^ch was purified by flash chromatography 
(duting with CH-EA 80:20) to give the title compound as a yeUow oil (3.21g). T.Lc. 

25 CHrDCM (1:1), Rf 0.25. 

Intormediate 1 1 

!-f3.3-Dinftethvl>2-h vdrDXvbut-NvlV2.4-dioxo-S-f2-fluoroDhm^^ 
23 4 5-tetrahvdro-lH-l,S-benzodiazepine 



30 
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The intermediate 10 (1.8g) and the 2- phenyUiydrazonomalonyldichioride (1.76g) were 
each taken up in THF (35nil) and dropped in a flask containing THF (30nil) maintained 
at - 15" under a nitrogen atmosphere. After complete addition the solution was aUowed to 
warm to room temperature and then heated to 50° for 3h. The solution was concentrated 
in vacuo to an oil, which was purified by flash chromatography (ehrting with CH-EA Z'2) 
togivelhetidsjS2mEfiyndasayenowsofid(2.1g). M-p^lT-S". Tie. CH-EA (2:1 ),Rf 

0.71. 



Tntennediate 12 

10 ^-Amino-l-f3 , l-<«methvl-24wdroxvbut-l-v n-2 4.^oxo-'>-f2^fluoroDhenvlV2.3.4.5- 
tetrahvdro-lH-l-S-benzodiazepine. 

Zinc dust (2.17g) was added portionwise to a solution of the intermediate 1 1(2. Ig) in 
glacial acetic add (30ml) previously cooled to 0". The mixture was stirred at 23° for 20h, 
tiien diluted with water (lOOml) and decanted from zinc. Solid sodium caii)onate was 
15 added until pH=9, and the mixture was extracted with ethyl acetate (3xl00ml).The 
combined organic extracts were washed with brine (200ml), dried and concentrated in 
vacuo toanoil,whidiwaspurifiedbyflashdiromatography(elutingwithEA)togive 
the title compound as a\))^tefoam(1.09g). M.p. 104-5° T.I.C. EA- methanol (20:2), Rf 
0.66 and 0.61. 

20 

Tntenne(Mate 13 

't-^ m>n-1W13-dimethvl-2-hvdn)xvhiit-l-vn-2.4-d inxQ-S-r2-fluor^^^ 
tetrahvdro-lB-1.5 -'^^'*'-^"« (Hiastereomer I: 13a and diastereomer It 13b) 
The diastereomeric mixture, intermediate 12 was separated by preparative HPLC 
25 (Cohmm Spherisoib 5uCN 25x0.46cm) duting with hexane/ethanol/isopropanol 85:10:5 
and tsopropytamine 0.05% (flux ^min, d^ection UV at 235nm) to ^e the tide 
cmnpound 13a ( retention time 8.9nMn) as a white solid (0.3g) M.p. 164-5° Tic. 
EA-methanol (20:2), Rf 0.66. and tiie tirie compound 13b (retention time 6nun) as a 
vidntefoam(0J5g). Tic EA-m^ianol^0:2XRf 0.61. 

30 
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Intermediate 14 

14 1 .3-diniethvlbut-l -vl^amino-diphenvlamine 
Sodium borohydride (0.4g) was added portionwise to a rruxture of 2- 
ammo-diphei^lainine(O.SgXso(&um acetate trihyd^ (0.5g) and 
5 4-inetliyl-2-oxo-peiitBne (0.25nil) in acetic add (1.7mlX water (Snd) and ethanol (4ml) 
cooled at (fC. A fiirther amount of sodium borohydride (2.0 g) and of 
4-meth)i-2-rOxo-pentane (3ml) were added and the solution was stirred at 23^ for 30 
min.,then diluted with ethyl acetate (lOOmI) and water ( 100ml) .The organic layer was 
washed wth a 10% solution of sodium hydroxide (50ml) and brine (SOml), dried and 
10 concentrated in vacuo to give an oil, which was purified by flash chromatography (eluting 
with CH-EA 90:10) to ^e the title compound as a yellow oil (0.42g). T.l.c. CH-EA 
(90:10), Rf 0.79, IR :3420 (NH) ,1599 , 1514 and 1497 (C=C) cra-1; 

Intermediate 15 

15 l-(L3-Dimethvlbut-l-vr^2.4-dioxo-5*phenvl-3>Dhenvlhvd 
1H.>l,S>benzodiazeDine 

The intermediate 14 (0.42gX and 2- phei^lqrdrBzonomalonyldichloride (0.46g) were 
each taken up in TBF (20ml) and dropped in a flask contmning THF (lOnd) 
maintained at 0^ under a nitrogen atmosphere. After complex addition the solution 

20 was allowed to warm to 23° and stirred for 20h. A fiirther amount of 

2-phen^}Qrdrazonomalonyldichloride (0.13g) was added and stirring continued for 1 h at 
23° and then at 50° for 90 min. The reaction nuxture was diluted with ethyl acetate ( 
200m]); the organic layer was washed with a 10% solution of sodium hydroxide (60ml) 
and brine ( 2x70 ml ), dried and concentrated in vacuo to give an oQ, which was purified 

25 by flash chromatography (eluting woth CH-EA 95:5, increasing polarity to 90: 10) to 

give the title compound as a yellow solid (0.43g). T.l.c. CH-EA (70:30), Rf 0.73. IR 
:1668, 1653 (OK)); 1591 (CK:) cm-1; 

Intermediate 16 

30 
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3-AtmnQ-l-flJ-dimethvlbut-l>vlV2.4-dioxo-S -ph^ 
benzodiazepine 

Zinc dust (0.55g) was added portionwise to a solution of the intermediate 15 (0.42g) in 
gladal acetic acid (lOml) cooled at Oo. The mixture was stirred at 23° for 8h, thra 
decanted fromzinc, dUuted with ethyl acetate (50 ml), washed with a 10% solution of 
sodium hydroxide (60 ml), brine (2x60ml), dried and concentrated m vacuo to give 
an oil whidi was purified by flash chromatography (eluting in gradient from CH-EA 
1:1 toDCM-medianol Qn i ft ) to give the title compound as a vAito foam (0.22g). T.Lc. 
DCM-metiianol (90:10), Rf 0.53. IR :3500-3000 (NH2), 1703 and 1672 (CO). 1593 
(C>=Q cm-1; 

Tntmnediate 17 

2^AminQ-S-cW Qro-diphenvlamine 

Potas^um carbonate (29g) and sodium hydrosulphite (25.3g) were added portionwise 
over 1 hour to a suspendon of 5-chloro-2- nitrodiphenyianune (8g) in 95% ethanol 
^Oml) and water (25Qml).The mixture was stirred at 23** for 20h, then a fiirtiier amount 
of sod ium hydrosul&te (Ig) was added and stirring continued &r Ih. The reaction 
nuxture was addified to pH4 with cone, faydrodiloric add and then a 10% sohition of 
sodium faydrosdde was added until tiiepH was 10. The sohition was concentrated in 
vacuo and extracted with ^hyl dih& (2x250mO. The combined organic extracts were 
washed with brine (2x250mr), dried and conc«itrated in vacuo to ^ve the crude 
compound as a yellow solid (7.8g) y/bidi was purified by flash chromatography (eluting 
with P-EE 1:1) to ^e the tide compound as a yellow feam (4.4g) . T.Lc. CH-EA (1:1), 
Rf 0.50. IR : 3412 and 3320 (NH), 1592-1589 (C=C) cm-1; 

Intermediate 18 

5-ailoro-2-/3-methvlbut-l-vl1ainino-diDhenvlamine 

Sodhun borofaydride (2g) was added portionwise to a nuxture of the intermediate 17 (2g), 
sodium acetate tritr^drate (2.28g) and 3- metfaylbutyraldehyde (2ml) in acetic acid (Sml), 
water (15ml) and edianol (35ml) cooled to 0%. The solution was stirred at 23^ for 30 



I 
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« min,then diluted vnth ethyl acetate (200inl) .The organic layer was washed with a 1 0% 

solution of potassium carbonate (100ml) and brine (100ml),dried and concentrated in 
vacuo to give an oil, which was purified by flash chromatography (eluting with CH-EA 
95:5) to give the title compound as a yellow ofl (0.8g). T.Lc. CH-EA (1:1), Rf 0.72. 

5 

Intermediate 19 

7-^hlorO"2.4-dioxo-l-f3-mrthvlbut-l-vlVS-phenvl-3-phenvlhvdrazono-2.3,4J- 

teftaly<ii^ffl-l,s-»>CTMdi^qanfi 

Hie intennediate 18 (l.lSg) and 2'ipheiiylhydrazonomalonyldichloride (1.17g) were each 
10 taken up in THF (30ml) and added dropwise in a flask containing THF ( 1 0ml) maintained 
at 0° under a nitrog^i atmosphere. After compile addition the solution was allowed to 
warm to 23^C, stirred for 30 min., then heated at 60° for 2h. The solution was diluted with 
ethyl acetate (ISOml), washed with brine (2xl00mlX dried and concentrated in vacuo to 
give an (d, wMdi was purified by flash chromatography (eluting with CH-^ , 
15 increasing polariQy to 70:30) to give the title compound as a ydlow solid (1 . 12g). T.l.c. 
CH-EA (1:1), Rf 0.61. IR:3452(NH), 1664(C=0)cm.l; 

Intermediate 20 

3>Amino-2.4-dioxo-7H:hloro-5Hjhenvl-l-f3-methvlbut-l-vlV2JAS-^^ 

20 IH-LS-benzodiazeoine 

A solution of the intermediate 19 (0.6g) in gladal acetic add (14ml) was 
added,dFopwise, to a suspen^on of zinc dust (0.76g) in glacial acetic acid ( 14 ml ) 
cooled at 0^ The mixture was stirred at 23° fi^r 3h, then decanted from zinc, washed with 
ethyl ac^te ( 80 ml) and then with 10% sodium hydroxide (100ml) and brine (70ml). 

25 The combined organic extracts were dried and concentrated in vacuo to give an oil 

which was purified by flash diromatography (eluting in gradient firom CH-EA 1 : 1 to EA 
-methanol 27:3 ) to give the title compound (0.3gY T.Lc. DCM-methanol (27:3), Rf 0.5. 

Intermediate 21 
30 4-Chloro-2-nitrodiphenvlamine 
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A mixture of 4^oro-2-mtroanilme (5.5g), bromobenzene (20inl), potassium carbonate 
(L63g) and copper(I) iodide (0.68g) was heated to 180° for 36h. The reaction nuxture 
was cooled to room temperature, then ethyl acetate (200ml) and water (300ml) were 
added ; the organic extracts were washed with brine (2xl50ml), dried and concentrated in 
5 vacuo to give the crude compound wWch was purified by flash chromatography (eluting 
^n*u riTJA o^-s) tn givft the title compound f3,67g^ > T.Kc. CH-EA(1:1), RfO.71. 

Intermediate 22 

2-Amino-4-<Alorodiphenvlaimne 

10 Potassium carbonate (13g) and sodhmi Iqrdrosulphite (1 L4g) were added portionwise 
over 3 hour to a su^)«ision of 4-chloro-2- nitrodiphenylamine (3.6g) in 95% etfaanol 
(100ml) and water (100ml).The mixture was stirred at 23° for 20h. The reaction mature 
was t hen addified to pH=4 with cone, hydrochloric acid (20ml); then 10% solution of 
sodium l^droxide (80ml) was added until pH=10 and the solution extracted with ethyl 

15 acetate (2xl50ml). The combined oigamc extracts were washed with brine (2xl50ml), 
dried and concratrated in vacuo to ^e the crude compound as a ydlow solid (7.8g) 
which was purified by flash chromatography (duting whh CH-EA 90:10 then 70:30) to 
give the title compound as a yellow foam (2J7g) . Tic. CH-EA. (1:1), Rf 0.66. 

20 Intermediate 23 

4-Chloro-2-f3-m^vlbut' 1-vnamino-diphenvlamine 

Bromo 3-methyibutane (0.62ml) was added to a solution of the intermediate 22 (l.OOg) 
and sodium iodide (0.7g) in dimethylformamide (40ml) under a nitrogen atmosphere. The 
solution was stirred at 120^ for 12h, then cooled at 23X, diluted with ethyl acetate 
25 (150ml) and washed with brine (3xl00ml). The combined organic extracts were dried 
and concentrated in vacuo to give an oil which was purified by flash chromatography 
(duting with CH-EA 95:5) to ^e flie title compound as a yellow oil (0 J4g). T.Lc. 
CH-EA (1:1), Rf 0.76, 

30 Intmne(Mate24 



wo 93/14074 



PCT/EP93/00098 



25 



» 8-Chloro-2,4-Dioxo- 1 -(3-inethvlbut- 1 -vl)"5-phenvl>3 -phenylhvdrazono-2 ,3.4. 5- 

tetrahydro-lH-L5-benzodiazepine 

The intennediate 23 (0.74g) and the 2- phenylhydrazonomalonyldichloride (0.75g) were 
each taken up in THF (ISml) and dropped in a flask containing THF (20ml) maintained 
S at 0^ under a nitrogen atmosphere. After complete addition, the solution was allowed to 
warm to 23*^^, stirred for 30nun., then heated at 60^ for 2h. The solution was diluted with 
ethyl acetate (llOniX washed with brine (2xl00mlX dried and concentrated in vacuo to 
give an oil, which was purified by flash chromatogr^hy (duting with CH-EA 95:5 , 
increa^g polarity to 70:30) to give the title compound as a yellow solid (0.91g). 
10 Tic. CH-EA (1:1), Rf 0.68 



Intermediate 25 

3-Amino-8-chlorD-2.4-dioxo>l-f3-methvlbut>l>vlVS-phenvl-2JAS-tetrahvdrQ>^ 
LS'benzodiazepine 

IS To the sohition of intermediate 24 (0.9g) in glacial acetic acid (20ml) at 0\ zinc dust 
(L14g) was added portionwise*. The mbcture was stirred at 23^ for Ih, then decanted 
from zinc, washed with ethyl acetate (ISOml) and then with 10% sodium hydro>dde 
(ISOml) and brine (100ml). The combined orgaiuc extracts were dried and concentrated 
in vacuo to an oil wUch was purified by flash chromatography (duting in gradient fiiom 

20 CH-EA 1 :1 to EA-m^anol 27:3 ) to give tilie title compound (0.53g). T. I.e. 
EA-methanol (27:3), Rf 0.6. 

Intermediate 26 

4>5-Dichloro->2-nitro(Bphenvlamine 
^ 25 A mixture of 4,5-dichloro-2-nitroaniline (5.0g), bromcbenzene (1 6ml) potassium 

carbonate (1.17g) and copper(I) iodide (0.46g) was heated to 1 50^ for 36h. The reaction 
mixture was concentrated in vacuo to give the crude compound vdiich was purified by 
flash din>matogn4>hy (ehiting vnAi CH-EA 90: 10) to give the title compound (4.34g) 
T.Lc. CH-EA. (1:1), Rf 0.7. 



30 



wo 93/14074 



PCr/EP93/00098 



26 

Intermediate 27 

l-AfninQ4-5-dichIoro'diphenvlamme 

Potasaum carbonate (13.8^ and sodium hydrosulfite (12. Ig) were added portionwise 
ovw- 3 hour to a suspenaon of 4,5-dichloro-2- nitrodiphenylamine (4.34g) in 95% ethanol 

5 (lOOmI) and water (100ml). The nrixture was stirred at 23® for 20h. The reaction mixtu re 
was then acidified to pH=4 with cone hydrochloric add ( 20nil ), then 10% solution of 
sodium hydroxide (80 ml ) was added until pH=10 and the solution extracted with ethyl 
acetate (2xl20ml). The combined organic extracts were washed vwth brine (2xl00m 1), 
dried and concentrated in vacuo to give the crude compound which was purified by flash 

10 chromatography (eluting with CH-EA 90:10 then 80:20) to give the title compound as a 
yeDowfoam(2.15g). Tic. CH-EA (1:1), Rf 0.54. 

Intermediate 28 

4-5>DicMorO'24^3-4nethvlbut-I>vl>amino-diphenvlamine 

15 l-Bromo-3-mrthyibutane (l-2ml) was added to a solution of the intermediate 27 (2. 1 5g) 
and so<Bum iodide (1.3g) in (fim^l^ormamide (70ml) under a nitrogen atmosphere. The 
solution was stirred at 120^ for 9h,and at 23*^0 for 20h. A fiirther amount of 
bromo-3-methylbutane (0.5mO was tiien added and stirring was continued at 120° for 8h. 
The reaction nuxture was dihited witfi ediyl acetate (3 OOmI) and washed with brine 

20 (150ml). The ccmdnned orgamc extracts were dried and concmtrated in vacuo to ^ve 
an oil, wKch was purified by flash chroroatograply (eluting witti CH-EA 95:5) to ^e 
the title compound as a yellow oil (1.72g), T.I.C. CH- EA (1:1). Rf 0.70. 

Intermediate 29 

25 7--8-dichlQro-2.4-Dioxo-l-r3-methvibut-l-vlV5-phenvl-3-Dhenvl^^ 
tetrahvdro-lH-l-5-benzodiazepine 

The intmnedate 28 (1.72g) and the 2- phenylhydrazonomalonyldichloride (1.53g) were 
each taken up in THF (15ml) and dropped in aflask contaimng THF (40ml) maintaned 
at (f under a lutrogen atmosphere. After complete addition the solution was allowed to 
30 warm at 23**C, stirred for 45 min., then heated at 60o fi)r Ih and 30niin. The solution was 
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diluted with ethyl acetate (1 SOml), washed with brine (ZxlOOml), dried and concentrated 
in vacuo to give an oil, which was purified by flash chromatography (eluting wi th CH-EA 
95:5 , increasmg polarity to 80:20) to give the title compound as a yellow solid (1 .85g). 
Tic. CH-EA (1:1), Rf 0.66. 

5 

Intemediate 30 

3- -Anmo-7-8-dicMoro-2.4-dioxo-l-f3-methvlbut-l-vlVS-Dhenvl-2J.4 
m.l SAenzodiazepine 

To the solution of the intermecfiate 29 (l.Og) in gladal acetic add (ISml) at 0^ zinc dust 
10 (0.65g) was added portionwise . The nnxture was stirred at 23^ for 6h, then decanted 
from anc, washed with ethyl acetate (150 ml) and then with 10% sodium hydroxide 
(150ml) and brine (lOOnd). The combined organic extracts were dried and concentrated 
in vacuo to ^ve an oil which was purified by flash chromatography (duting in gradient 
&om CH-EA 1 :1 to EA-methanol 80:20) to give the title compound (0. 44g). T.Lc. 
15 EA-methanol (27:3), Rf 0.59. 

Interme<fiate31 

4- Fluoro-2-mtrodiphenvlamine 

A nuxture of 4-Fluoro-2^2utroaniltne (5.0g), bromobenzene (20nil), potassium carbonate 
20 (1 '54g) and copper(I) iodide (0.61g) was heated to 150^ for 30h. The reaction nuxture 
was cooled at 23*^ , then eth>d acetate ( 200 ml ) was added ; the organic extracts were 
washed with brine (lOOml), dried and evaporated in vacuo to give the crude compound 
which was piirified by flash chromatography (eluting with CH-EA 95:5) to gjve the title 
compound (2.4g) Tic. CH-EA (1:1), Rf 0.68. 

25 

Intennediate 32 

2-annno-4-Fluoro-diphenvlamine 

Potas^um carbonate (9.3g) and sodium hydrosulfite (8.2g) were added portionwise over 
3 hour to a suspmsion of 4-fluoro-2- nitrodiphenylamine (2.4g) in 95% ethanol (70ml) 
30 and water (7QmI).The mixture was stirred at 23^ for 20h. The reaction nuxture was the n 
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acidified to pH=4 with cone, hydrochloric acid ( ISinl ), then 10% solution of sodium 
l^roxide (50 ml ) was added until pH=10, and the concentrated solution extracted with 
ethyl acetate (2xl00nil). The combined organic extracts were washed with brine (2 
xSOmlX dried and concentrated in vacuo to give the crude compound which was purified 
5 l^flashchromatQgR^lv(ehitingwithCH-EA90:10then80:20) 
^jnefifflidas aydlcwfoam (1.44g) . Tic. CH.EA(1:1), Rf 0.72. 



Tntermediate 33 

4-Fliinrn-2-f3-methYlhiit-l-vlW 7i«^w<iphenvlamine 

10 1-Bromo 3-methylbutane (l.OmI) was added to a solution of the intermediate 32 (1.44g) 
and sodhim iodide (l.lg) in dimethylformamide (60nil) under a nitrogen atmosphere. The 
sohition was stirred at 120^ for 9h; the reaction mbcture was diluted with ethyl ac etate 
(300ml) and washed with brine (3xl50ml). The combined organic extracts were dried 
and concentrated in vacuo to give an oil, which was purified by flash chromatography 

15 (doting with CH-EA. 95:5) to give the title comoound as a yellow oil (0.96g). T.I. c. 
CB-EA(l:l),Rf0.74. 

Intermediate 34 

9 4-ninvfv.8-fluoro-1 -r3-medwdb ut-l-vlVS-tAenvl-3-phenvlhvdrazono-2.3 .4.5- 

20 trtrahvdro-lH-1.5-benzo diazeiaine 

The intermediate 33 (0.96g) and 2-phenylhydrazonomaloiqFldichloride (l.Olg) were each 
taken up in TEBF (15ml) and dropped in a flask containing THF (40ml) maintained at -0° 
under a nitrogen atmoq)here. After complete addition the sohition was allowed to warm 
at 23°C. stirred for 30min., then heated at 60° for 2h. The solution was diluted with ethyl 

25 acetate (120ml), wadied with brine (2xl00ml), dried and concentrated in vacuo to give an 
oil, wbidi was purified by flash diromatogrq)!^ (during with CH-EA 95: 5 , increasing 
polarity to 8050) to give the tifle^npound as a yellow soM(13g). T.Lc. CH-EA 

(1:1). Rf 0.74. 



30 



wo 93/14074 



PCT/EP93/00098 



29 

Intermediate 35 

3-Aimno>2.4>dioxo»8-HuoroW3-methvlbut-l-ylVS>phenvl>2J.4.^ 
1 . 5 -benzodiazepine 

To the solution of the intennediate 34 (1 .3g) in glacial acetic acid (20nil) at 0^, zinc dust 
S (1.2g) was added portionwise . The nuxture was stirred at 23° for Ih, then decanted from, 
zinc, wadied mlii ethyl acetate (ISOml) and then with 10% sodium hydroxide (ISOml) 
and brine (100ml). The combined organic extracts were dried and concentrated in vacuo 
to ^e an oil was purified by flash chromatography (dutmg in gradient fi^om 
CH-EA 1 : 1 to EA-methanol 80:20) to ^e the title compound (0.72 g). TJx. 
10 EA-melhanol (27:3), Rf 0.47. 

Intermediate 36 

2.4>IMoxo-5-phenvl-l-(2-phenvlethvlV2.3AS-tetrahvdro-lH-l.S«benzodia2^^ 
Sodium hydride 80% disperaon in oil (0. 13g) was added portionwise to a solution of the 

IS 2^4-£oxo-S-phaiyl-2,3 AS-tetrahydro-lH-l,S- benzodiazqiine (compound a) (Ig) in 
DMF (1 8ml) previously cooled at 0° . The reaction was stirred for 20mm at 0**, then a 
sohition of 2- phenyletl^l bromide (0.85ml) in DMF (2ml) was added dropwise, the 
mixture was sdrred at 23° for ISh, then diluted with EA (80m0 and washed with brine 
(3x1 00ml), dried and concentrated ''in vacuo**. The crude product was purified by flash 

20 chromatography (eluting with CH- EA 1:1) to give the title compound as a white powder 
(0.85g). T.Lc. CH-EA (1:1), R^=0.27. 

Intermediate 37 

3-A2ido-2.4-dioxo-5-phenvl>l-f2-DhenvlethvlV2.3.4.5-tetrahvdro-lH-l,S 

25 benzodiazepine 

A sohition of the intermediate 36 (0.85g) m THF (20mlX cooled to - 70^ was added 
dropv^se to a solution of potassium tert-butoxide (0.3g) in THF (10ml) cooled to -70°, 
under a nitrogen atmosphere. The mixture was stirred for 20min at -70° then a solution of 
2,4,6- triisopropylbenzenesulphonyl aade (0.96g) in THF (15ml), previously cooled to 

30 -70° and acetic acid (0. 14ml) were added. The reaction mixture was allowed to stand at 
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23** and stirred for 1.5 h, then more acetic add (0.14ml) was added and the mixture was 
stirred for 2 h. Ethyl acetate (150ml) was added and the solution was washed with a 
saturated solution of sodium hydrogen carbonate (1 00ml) and brine (3xl00ml), dried and 
concentrated "in vacuo". The crude product was purified by flash chromatography 
5 (dating with CH-EA. 90:10) to give the title compound as a white foam (0.38g). T.lx. 
CH-EA(l:l),Rf=0.57. 

ItitemiecKate 38 

10 benzodiazepine 

A solution of the intOTnediate 37 (0.38g) in ethanol (15ml) and ethyl acetate (15ml) was 
stirred undex hydrogen, at 1 atm., in presence of 5% Pd/CaCOj (0^5g), at 23^ for 3h. 
The catalyst was filtered off on a pad of celite, washing with dichloromethane (25ml) and 
ethanol (25ml) and the organic layer was concentrated "in vacuo". The crude product was 

1 5 purified by flash chromatography (duting with DCM-ethanot 90:10) to the tidg 
compound as a white foam (0.3g). Tic. DCM-ethanol (90:10), Rf=0.1. 

fatermediate 39 

WUAdflmantvi^mediv l-2.4>dioxo-S>Dhenvl>2,3AS-tetnihv^ 

20 Sodium hydride 80% disper^on in oD (0.07g) was added portionwise to a solution of the 
compound (a) (0.5g) in DMF (SOmT). The reaction mixture was stirred fbr 30inin, then a 
solution of l-adanoantylmethyl methanesulfbnate (0.537g) in DMF (3ml) was added The 
reaction mbcture was stirred at 120^ for 7h and at 23® for 15h, then concentrated. The 
residue was dihited with ethyl ac^te (100ml) washed with brine (2x30ml) and water 

25 (50ml), dried and concentrated "in vacuo". The crude product was purified by flash 

diromatograpby (eluting with CH*EA 1:1) to give the tide compound as a whhe foam 
(0.15g). Tie. CH-EA (1:1), Rf=0.42. 

Ihtennediate40 
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1 -( 1 -Adamantvnmethvl-1 «(2-phenvlethvlV3>aado-2.4>dioxo-S-phenv 
tetrahvdrO" 1 1 . 5-benzodi azqjine 

A solution of potassium tert-butoxide (0.1 46g) in THF (7ml) was added dropwise to a 
solution of the intennediate 39 (0.4g) in IHF (ISml), cooled to -70°, under a nitrogen 
5 atmosphere. The nuxture was stirred for 20 min at -70^, then a solution of 2,4,6- 

triisopropylbenzenesulphonyl azide (0.53g) in THF (7ml), previously cooled to -70° and 
acetic add (0J4ml) were added. The reaction mixture was allowed to stand at 23° and 
stirred for ISh, ethyl acetate (70nil) was then added and the solution was washed with 
wat^ (2xS0ro]) and brine (2x3QmlX dried and concentrated "in vacuo". The crude 
10 product was purified by flash chromatogn^pfay (ehiting with CH- £A 70:30) to give the 
title compound as a white foam (0.338g). T.I.C. CH-EA (1:1), Rf=0.73. 

Intermediate 41 

l-(l-Adamantvl^ethvl-3-amino-2-4-diQxo-S-phenvl-2J.4.S-tetrah 

IS benzodiazepine 

A solution of the intermediate 40 (O.lSg) in ethanol (10ml) and eth^l acetate (SmI) was 
sdrred under hydrogen, at 1 atm., in presence of 5% Pd/CaCO, (0.2g), at 23°, for 3h, then 
the catalyst was filtered off on a pad of celite and the oiganic l^er was concentrated "in 
vacuo**. The crude product was purified by flash chromatography (eluting with 

20 DCM-methanol 9Q:10> to ave the title compound as a vMte foam (Q 1 %) T.I.C. 
DCM-metfaanol (90:10), 1^=0.51. 

Intermediate 42 

W2.2-DimethvlethoxvcarbonvlmethylV2.4-dioxo>S>phenvl-2-3.4 , ^ 

25 1 .S-benzodiazepine 

Sodium hydride 80% dispersion in oil (0. ISSg) was added portionwise to a solution of the 
cotnpcmnd (a) (1.022g) in DMF (30ml) previously cooled to 0°. The reaction was stirred 
for IS min at 23°, then t- butyl bromoacetate (0.7mi) was added. The solution was stirred 
at 23° for Ih, then brine (100ml) was added and the mixture extracted with ethyl acetate 

30 (3)c30ml), dried and concentrated "in vacuo". The crude product was purified by flash 
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chromatography (duting with OB- EA 60:40) to give the title compound as a white * 
powder (1.31g). Tie. CH-EA (60:40), Rf=0.4. 

Intermediate 43 

Asohition ofthe intermediate 42 (0.5g) in THF (6ml), cooled to - 70", was added 
dropwise to a solution of potassium tert-butoxide (0. 168g) in IHF (6ml) cooled to -70°, 
under a nitrogen atmosphercv The reaction ndxture was stirred for 30min at -70°, then a 

10 solution of 2,4,6-triisopropyIbKizenesulphonyI aade (0.556g) in THF (6ml), prewously 
cooled to -70° and acetic acid (0.078ral) were added. The reaction mixture was allowed 
to stand at 23° and stirred for 18h, ethyl acetate (30ml) was added and the solution was 
washed wth biine (3xl00nil), a saturated solution of sodium hydrogen carbonate (20ml), 
brine (20mO, dried and concentrated "in vacuo". The crude product was purified by flash 

IS diromfltoEraphy (H''^"g nff-P-A 70!3Q) to give Ae titie compound as a v/bix& foam 
(0.5g). TJ.C CH- EA (1:1), RfO.36. 

3-Aimno-l-r22-dimrfhvlethoxvcariKmvh netlivlV2.4-(fioxo-S-phenvl-2J.^^ 

20 tetrahvdro-lH-l .5-ben20 '«''^'"ft 

A sohition ofthe intormediate 43 (0.354g) in a nuxture of etiianol (10ml) and ethyl 
acetate (2nil) was stirred under Imogen, at 1 atnL, in presence of 5% Pd/CaCOj 
(0.183g), at 23°, for 3h, then more 5% Pd/CaCOj (0.183g) was added and the reaction 
stirred for 15h. The catatyst was filta-ed off on a pad of cdite, washmg with 

25 did)lorc»nethane (9m0 and methanol (Sml) and the oigaiuc layer was concentrated "in 

vacuo". The crude product was purified by fla^ chromatograpl^ (duting with i 
DCM-m^hanol 96:4) to give the tide compound as a wbate foam (0.33g).T.Lc. 
DCM-methanol (95:5), RrO-5. 



30 Mennediate 45 
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^ 1 -f 3 .3->DimethylbutvlV2,4-dioxo-S-phenvl'>2 J .4. 5-tetrahvdro- 1 H- 1 . S*ben2X)diazepine 

Sodium hydride 80% dispersion in oil (0.1 OOg) was added portionwise to a solution of the 
compound (a) (0.7g) in DMF (60ml). The reaction mixture was stirred for 30min, then a 
solution of 3,3-dimetliyIbutyl methanesulfonate (O.STSg) in DMF (3ml) was added. The 
S reaction mixture was stirred at 90^ for SO min, at 23^ for 1 Sh, at 90^ for 2h and at 140^ for 
4Sinin, then concentrated. The readue was dihited with water (30m]) and brine (20m]) 
and extracted with ethyl acetate (ISOml); the organic layer was washed with water 
(2x50ml) and brine (SOml), dried and concentrated "in vacuo". The cnide product was 
purified by flash chromatography (duting imth CH-EA 1 :1) to g^e the title compound as 
10 a white foam (0.4g). T.Lc. CH-EA (1:1), R^.39. 

Intermediate 46 

3-Aado>W3.3-dimethvlbutvlV2.4^ioxo-S-phenvl-2J-4.5-tetrahvdro-lH^ 
benzodiazeiMne 

IS A solution of potas^um tert-buto»de (0. 146g) in THF (Tml), cooled to -70^ was added 
dropwise to a solution of the intermediate 45 (0.4g) in THF (ISml), cooled to -70*^, under 
a nitrogen atmosphere. The solution was stirred for 20 nun at -70^, then a solution of 
2»4,6-triisopFopylbenzmesulphoiiyl azide (0.530g) in THF (7niIX imivioudy cooled to 
-70^ and acetic add (0.139ml) were added. The reaction mixture was allowed to stand at 

20 23^ and stirred for 18h, tiien ethyl acetate (75ml) was added and the solution was washed 
with water (2x50ml) and brine (2x30mlX dried and concentrated "in vacuo". The crude 
product was purified by flash duromatography (eluting with CH-EA 30:70) to give the 
title compound as a white foam (0.338g). TJ.c. CH-EA (1:1), lHfOJ3. 

25 Intermediate 47 

3-Amino-l-(3.3-dfanethvlbutvlV2.4-dioxo-S-phenvK2J.^ 
bCTzodjazefMne 

A solution of the intermediate 46 (0.298g) in a mixture of ethanol (1 8ml) and ethyl 
acetate (7ml) was stirred under hydrogen, at 1 atm., in presence of S% Pd/CaCO, 
30 (0.186g), at 23^ for 1.5 h, then more 5% Pd/CaCO, (O.lSOg) was added and the reaction 
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stined for Ih. The catalyst was filtered off on a pad of celite. washing with ethanol (20ml) 
andtfae oiganic layerwas concentrated "in vacuo". The crude product was purified by 
flash chromatograplv (dating with DCM-methanol 90:10) to give the tj^g cpn^pognd as a 
white foam (0^05g),Tlc. DCM-methanol (90:10X Rf=0.46. 

5 

Tntermediate48 

i.( ^ ^-TVmBthvfeutylV2 4wiioxt>- '<^mtnanato-S-phetwl-2.3.45«tetrahv 
henzocfiazepine 

To a sohition of the intermediate 47 (0.3g) in didiloromethane (20ml), a 1.93M solution 
la of COC^ in tohiene (10ml) was added. The reaction mixture was stirred for 5h at 23°, 
then concentrated "in vacuo" at 50° for 3h to obtain the title compoiind as a white foam 
(0.37Qg). IR: 2218 (bKM)); 1693, 1668 (C=0), (0=C) cm'; 

Inteimediate 49 

j5 1-ft>nimfdivlhiitvlV.X4-dio vo-S-phemfl-3-ph«»v»ox^ 
tetrahvdro-lP -1 , 'Uienzodiazetnne 

To a solution of the intermediate 47 (Ig) in dichloromethane (50ml), pyridine (0.46ml) 
and pheoylcMorofonnate (0.7ml) were added. The reaction mixture was stirred for SOnnn 
at 23°, then washed \irith a 1% sohidon of Iqrdroddoiic add (20ml), a 5% sohition of 
20 sodmm hydrogen carbonate (20mr), water (20nil), brine (20mlX dried and concentrated 
"in vacuo". The crude product was trituied witii acetonitrile (lOnd) to obtain the 
compound as a white powdsr (1.2g). T.U. CH-EA. (1:1) RrO.8. 

Intermediate 50 

i-p-(i-aHamantvn^hvn-2.4-iMoxo-5-phenvl-3-phenvIoxvcaifao nvlamino-2.3.4.5- 
tetrahvdro-lF -1 SAenzodiazenine 

To a sohition of the intermediate 53 (O.lg) in dichloromethane (lOml), pyridine (0.03ml) 
and phaiyldiloroformate (O.OlmO were added. The reaction nuxture was stirred for 2h at 
23°, then dthxted vnHk (fiddbromediane (30ml), washed with a saturated solution of 
aimnonium dfloride (30ml) and brine (40ml), dried and concentrated "in vacuo". The 
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crude product was triturated with acetonitrile (10ml) to obtain the title compound as a 
white powder (0.05g). T.Lc. CH-EA (1:1) 1^=0.77. 

Intermediate 51 

5 142-n-Adanmntvl^th^V2,4-dioxo-5-phenvl-2J.4.5-tetrahvdro-lH-1.5-ben^^ 

Sodium hydride 80% diq;>ersion in oil (0.15g) was added pordonwise to a solution of the 
compound (a) (O.Sg) in DMF (2Qml) previously cooled to 0^ The reaction was stirred for 
ISmin at 0^ a solution of 2-(l-adamantyl)ethyl bromide (O.Sg) in DMF (10ml) was added 
dropwise, tiie mixture was stirred at 23** for 8h, then dihited with DMF (20m]) heated at 
10 80^ for Ih and allowed to stand at 23^ for 2 days, ethyl acetate (200ml) was added and the 
solution was washed with brine (3x1 00ml), dried and concentrated ''in vacuo". The crude 
product was purified by flash chromatography (eluting with CH-EA 70:30) to give the 
title compound as a white foam (0.45g). T,l.c. CH-EA (1 : 1), R/=0.42. 

IS Intermediate 52 

l-r2-fl-Adamantvnethvn-3-a2ido-2,4>dioxo-S-phenvl-2.3A5-te ^ 
benzodiazepine 

A sohidon of potassium tert-butoxide (0.2g) in THF (10ml) was added dropwise to a 
sohition of the intennecUate 5 1 (0.67g) in THF (20mlX cooled to -70^, under a nitrogen 

20 atmoq)here. The nuxture was stirred for 20 mm at •70^ then a solution of 2,4,6- 

triisopropylbenzmesulphonyl aade (0.65g) in THF (lOml), previously cooled to -70° and 
acetic add (O.lSmI) were added. The reaction mixture was aUowed to stand at 23° and 
stirred for 15h, then EA (150ml) was added and the solution was washed with a 5% 
solution of sodium hydrogen carbonate (80ml) and brine (lOOml), dried and concentrated 

25 "in vacuo*'. The crude product was purified by flash chromatography (eluting with 

CH-EA 90: 10) to give the title compound a s a vrtiite fiaam (0.71^. T.l.c. CH-EA (1 : 1 ), 
Rf=0.68. 

Intermediate 53 
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l, p/UArfiimmtviWhvi1>3>ainino-2.4>dioxo-5-ph envl-2.3 4.5-^^^ 
benzodiazepine 

A solution of the intennediate 52 (0 Jig) in ethanol (30inl) and ethyl acetate (15ml) was 
stined under hydrogen, at 1 atm., in presence of 5% Pd/CaCOs (0.7g), at 23^ for 3h. The 
5 catalyst was filtered off on a pad of cdite,, washing with methanol (50ml) and Ae organic 
layer was concentrated "in vacuo". The crude product was purified by flash 
chromatography (duting with DCM-medianol 90:10) to give the title compound as a 
white foam (0.5g). Tic. DCM- methanol (90:10), R/=0.62. 

10 Intermediate 54 

^-f^3-Dimethvlftutvl>Z4-dioxo-5-phenvl-2.3-4 5-tetrah^ 

Sodhmi Iqrdride 80% dispersion in oil (0.06g) was added portionwise to a solution of the 
compound (a) (0.38g) inDMF (lOmQ. The reaction was stirred at 23° for Ih, then 
2,3-dimetlqrlbutyl mrthanesulfi)nate (0.32g) was added. The mixture was stirred at 23° for 
15 1 5h, then water (TOmT) was added and the solution was extracted with ethyl acetate 
(2x50ml)and Ac combined orgarac layer were washed yn&i brme (2x50ml), dried and 
concentrated "m vacuo". The crude product was purified by flash chromatogn^hy 
(eluting with CH- EA 80:20) to give the tide compound as a white fijam (0.23g). Tic. 
CH-EA(l:l),RrOA 

20 

Intermediate 55 

^-A7^df^l^3-dimethvlbutvlV2.4 -dioxo-5>Dhenvl-2.3A5>tetr^ 
benzodiazepine 

A solution of potassium t^-butoxide (0. 12 Ig) in THF (lOml) was added to a solution of 
25 the mtermediate 54 (0.33g) in THF (20ml), cooled to -70^ under a nitrogen atmosphere. 
The nuxture was stirred fi)r 30 min at -70°. tiien a solution of 2,4,6- 
triisoprop^OTzenesulphonyl azide (0.349g) in THF (lOmI), previously cooled to -7tf* 
and, after 20 min, acetic add (0.06m0 wore added. The reaction nuxture was allowed to 
stand at 23° and stirred for 24h; ethyl acetate (SOml) was added and the sohition washed 
30 vwth a 5% solution of sodium hydrogen carbonate (2x50ml) and brine (2x50mlX dried and 
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* concentrated "in vacuo". The crude product was purified by flash chromatography 

(eluting with CH-EA 80:20) to give the title compound as a white foam (0. 1 g). T.Lc. 
CH.EA(l:l),R/=0.53. 

5 IntermecMate 56 

3-Amino-l-r2J-dimethvlbutvlV2,4Hiioxo>S-phenvl-^^ 
benzodiazepine 

A solution of the intefmecfiate SS (0. 19g) in ethanol (ISml) and ethyl acetate (Bml) was 
stirred under hydrogen, at 1 atm., in presence of 5% Pd/CaCOg (0. 18g), at 23^ for 4h. 
10 The catalyst was filtered oflF on a pad of cdite, washed with ethyl acetate and the organic 
layer was concentrated "in vacuo**. The crude product was purified by flash 
chromatography (eluting with EA*methanol 90; 1 0) to give the tide compound as a white 
foam (0.95g). Tic. EA-methanol (90:10), R^O.55. 

15 Intermediate 57 

l-Butvl>2.4-dioxo-S-phen^23A5-tetrahvdro-lH>LS -benzodiazepin 
Sodium hydride 80% disperaon in oil (0.03 Ig) was added portionwise to a solution of the 
compound (a) (0.3g) in DMF (18ml) at (f, under a nitrogen atmosphere. The reaction 
was aUowed to stand at 23° for 30 min, then a sohition of 1-bromobutane (0. IS4mI) in 

20 DMF (3ml) was added dropwise. The mixture was stirred at 23° for 2h, then water (30ml) 
was added and the solution was extracted \^th ethyl acetate (2x60ml) and the combined 
organic layer were dried and concentrated "in vacuo". The crude product was purified by 
flash chromatogr^hy (eluting with CH-EA 60:40) to give the titie compound as a white 
foam (0.057g). T.Lc. CH-EA (70:30), R^.53. 

25 

^ Intermediate 58 

3"AadO'l-butvl-2.4-dioxo-S-phem4-2,3AS-tetrahvdro-lH-l,5- boizodiazepine 
A sohition of potassium tert-butoxide (0.041 8g) in THF (2ml) was added to a solution of 
the intemediate 57 (0.104g) in THF (2ml), cooled to -70°, imder a nitrogen atmosphere. 
30 The mixture was stirred for 30 min at -70^, then a solution of 2,4,6- 
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tiiisopropylbenzenesulphonyl azide (0.136g) in THF (10ml), previous^ cooled to -70** 
and acetic add (0.019ml) were added. The reaction mixture was allowed to stand at 23° 
and stirred for 24 hrs, ediyl acetate (50ml) added and the solution washed with a 5% 
solution of sodium hydrogen carbonate (lOmI), brine (lOmI), dried and concentrated "in 
5 vacuo**. The crude product was purified by flash diromatograpby (eluting with CH-EA 
80:20) to give the title compound a s a white foam (0.043g). Tic. CH-EA (60:40), 
RfH).67. 

Intermediate 59 

10 3-Amino-l>butvl-2.4-dioxo-5-phCTvl-2 J.4,5-tetrahvdro-lH-l .5- benzodiazepine 

A solution of the intermediate 58 (0.217g) in ethanol (4ml) and ethyl acetate (10ml) was 
stirred under hydrogen, at 1 atm., in presence of 5% Pd/CaCO, (O.lSg), at 23°, for lOh. 
The cata^ was filtered ofif on a pad of celite, washed with ethyl acetate (3 xSml) and 
ethanol (3x5ml) and the otganic lay^ was concentrated "in vacuo". The crude product 

15 was purified by flash diromatography (duting wifli EA-m^anol 90: 10) to ^ve the title 
compound as a v^diite foam (0.094g). T.Lc. EA-methanol (95:5), Rf=0.25. 

fatCTmedtate60 

2.4-Dioxo>S-phenvl-l-f3>methvl"2-oxo'>biitvl-2.3.4.5-tetrahvdro-lH- L5-benzodiazepine 
20 Sodium hydride 80% dispersion in oil (0.4g) was added portionwise to a solution of the 
compound (a) (2g) in DMF (50ml), previously cooled to 0 C. The reaction was stirred for 
15 min at O*', Aen a solution of l-bromo-3-m^yl-2-oxobutane (2.6g) in DMF (10ml) 
wasaddeddn)pwise, the mixture was stirred at O Cfi)r 45 min, ethyl acetate (450ml) 
added and the solution washed with brine (4xl00ml), dried and concentrated "in vacuo". 
25 The crude product was purified by flash chromatography (eluting vnlh CH-EA 1 :1) to 
give the title compound a s a wfaitefi)am (2.3g). T.lx. CH-EA (1:1), 11^=0.19. 

s 

Intermediate 61 

3-A2ido-2,4-diQxo-l-f3-methvl-2-oxo^butvl-5-phenvl-2.3.4.5-tetrahvdro-lH- 
30 1.5-benzDdiazepine 
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A solution of potassium tert-butoxide (0. 185g) in THF (10ml) was added dropwise to a 
solution of the intermediate 60 (0.5g) in THF (20ml), cooled to -70°, under a nitrogen 
atmosphere. The mixture was stirred for 20 min at -70°, then a solution of 2,4,6- 
triisopropjdbenzenesulphonyl azide (0.688g) in THF (lOml), previously cooled to -70^ 
5 and acetic acid (0.2m]) were added. The reaction mixture was aUowed to stand at 23° and 
stirred for ISh, ethyl acetate (400ml) added and the solution was washed with brine 
(3xl0QmlX dried and concentrated "in vacuo". The crude product was purified by flash 
chromatography (duting with CH-EA 1 : 1) to give the title compound as a foam. T.l.c. 
CH-EA(l:l),Rf=0.51. 

10 

Intermediate 62 

3-Amino-2.4^oxo-W3>methvl>2-oxo>butvl-S-phenvl-2JAS>tetrahvdro-^ 
benzodiazepine 

A sohition of the intennediate 61 (0.85g) in ethanol (3Sml) was stirred under hydrogen, at 
1 5 1 atm., in presence of 5% Pd/CaCO, (Ig), at 23^ for 2h. The catalyst was fikered off on a 
pad of celite, washing with ethanol (30ml) aiid the organic layer was concentrated "in 
vacuo". The crude product was purified by flash chromatography (eluting with 
DCM»methan6l 90:10) to ^ve the title compound as a white foam (0.5g). T.l.c. 
DCM-etiianol (95:5), Rf=0.56. 

20 

Intermediate 63 

N>[2.4->Dioxo-W3-methvl-2-oxo;>butvl-S-phmvl-2J.4.5-tetrahvdro-lH-L^^^ 
benzodiazepin-3-yl]-N'-phenvlurea 

Phenyl isocyanate (0.2ml) was added to a solution of the intermediate 62 (0.43g) in dry 
25 acetonitrile (15ml) under a nitrogen atmosphere. The mixture was stirred at 23° for Ih and 
the formed predpitate filtered washing with acetonitrile (30ml) to gjve the title compound 
as a white solid (0.37g). T.l.c. CH-EA (1:1), 1^=0.27. 

Intermediate 64 

30 2.4-IXoxo-M3-methvlbm«l->dVS-phenvl--2.3A5-tetrahvdro-lH-l,5-b eny/^^^ 
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NaH 80% dispersion in ofl ( 0.057g ) was added to a solution of 2,4- 
dioxo-5-phenyl-2,3,4,5-tetrahydro-lH-l,5-benzodiazepine (0.40g) in diy DMF (ISnd). 
The reaction mixture was cooled at 0" and stirred for 15 min, l-bromo-S-methyl-butane 
(0.23nil) in dry DMF (4ml) was added and stirring continued for 2h. The reaction mixture 
was then diluted with water (lOOmlX extracted with ethyl acetate (3x100ml), washed with 
brine (2x50nilX dried and concentrated in vacuo to give an oil (0.75g) which was 
purifiedbyflashchromatography(ehitingwithCH-EA 60:40) to give the title compound 

as a whitesoUd (0.44g). Tie. CH-EA(1:1). Rf • 0.36 



10 ;rntertnediate 65 

7-A^Hn-9 4-r)ioxo-l -n-inethvlbut- l-vlVS-phenvI-2.3.4.5-tetrahvdrQ-lH-l.S- 

heny-odiazepine 

A solution of the intermediate 64 (0.397g ) in diy THF (7ml) was added to potassium 
tert-butoxide (0.154g) in dry THF (6ml) cooled at -78" The reaction mature was stirred 

15 for SOrnin, then a cooled (- 78") solution of 2,4.6 -triisopropyl-benzenesulphonylazide 

(0.49g) in dry THF (7ml) was added . After 5 min glacial acetic acid (0.07ml ) was added 
and the solution was aBowed to warm at 23" and stirred for 24 h. The reaction mixture 
was diluted with ethyl acetate (40ml) and washed with water (20ml) saturated sodium 
hydrogen carbonate sohition (20ml) and brine (20ml). The combined organic extracts 

20 were dried and concoitrated in vacuo to give an oil (OJg). Purification by flash 

chromatography (duting with CH-EA 60:40) gave the title comppupq as a white solid 
(0.25g) T.l.c.CH-EA(60;40),Rf0.3. 

Intermediate 66 

25 3-Amino-2.4-nioxo-l-f3-methvlbut-l-viV S-phenvl-2.3.4.5-tetrahvdro-lH-1.5- 
henzodiazeoine 

5% Pd/CaC03 (0.6 Ig) was added to a solution of intermediate 65 (1.21g) in ethyl acetate 
(60ml) and ethanol (60ml) and Ae reaction nrixture was hydrogenated at 1 atm for 3h and 
30 min. The catalyst was filtered oflfand the solvent evaporated m vacuo to gjve the rifle 
30 compound as a pale yellow foam (1.14g). T.I.C. DCM-methanol (95:5) , Rf 0.55. 
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Intermediate 67 

3>Amino-2.4-Dioxo-U3-methvlbut-l>vlV5-phenvl->2JAS-tetrahvdro^ 
benzodiazepine nSW+VlO-camphorsulphoiuc salt 
5 To intermediate 66 (2.05g) dissolved in hot ethyl acetate (35 ml), 

(lS)-(+)-l(}-camphor5ulphonic acid was added. The resulting salt (Sb) was crystallized 
out from the cool solution by dropwise addition of cycloh^cane; the predpitate was 
filtered o£f and washed mth cold cyclohexane to give a (+)/(-) 3/97 nuxture of 
diastereomeric sah (1 . llg) and mother liquors. Recrystallization (tmce ) from 
10 2-propanol afforded the pure title compound .f0.49gi IR : 2750-2600 (NH3); 1736 
,1713, 1700 (C=0) cm-l; ^H-NMR : 9.0-7.4 (m); 7.5 (d): 7.45-7.2 (m); 7.18 (t); 6.97 
(d); 5.05 (s); 4.58 (m); 3.68 (m); 3.20 (m); 2.72 (m); 2.42 (m); 2.22 (m); 2.0 (m) ;1.2 (m); 
1.0-0.7(m). 

15 Intermediate 68 

M3>Amino-2.4-Dioxo- 1 -f 3-methvlbut-l -vlVS-phenvl-2.3,4,5> 
tetrahvdro-lH >l-5-benzodiazeDine 

Intermediate 67 (0«47g) was suspended in ethyl acetate and wa^ed with 5% ammonia 
solution (2x20 nd) and brine (2x20 ml).The organic layer was dried and concentrated in 
20 vacuo to give the title compound as a.white foam (0.27g), T.l.c. DCM-methanol (9 5:5) , 
Rf 0.55. [alphaJo- -114. IR : 3377 (NH2), 1705- 1670 (C=C), 1593 cm-l; IH-NMR 
:7.5- 7.1(m); 6.95 (dd); 4.55(mX 4.23 (s); 3.7 (m); 1.8(m); 1.64- 1.4(m) ; 0.92(d); 0.89 
(d). 

25 Intermediate 69 

3-AminQ-2.4>Dioxo-l-f3-methvlbut-l-vl)-5*phenvl-2J.4.S-tetrahvdro-lH>l-5- 
benzodiazepine riRW-VlO-camphorsulphonic salt 

The mother liquors obtained after the initial precipitation of intermediate 67 were 
evaporated to dryness to give a solid (2. 1 9g). The residue was taken up in ethyl acetate 
30 (30ml), extracted with a 5% ammonia solution (20ml) and washed with brine (20ml), the 
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organic layer dried and evaporated in vacuo to give a residue (l.Og). 
(lRH-)-10-«mphorsuIphonic acid in ethyl acetate ( 6ml) was added to the solution of 
. the residue (Ig) in ethyl acetate ( Sml ) and the resulting solution was stirred at 0° for 2h 
.The obtained precipitate was filtered o^ washed with ethyl acetate (20ml) and dried to 
5 givethetiflS£SmiiSBfflSl(0-97g). IH-NMR : 9.0-7.2(m); 7.5 (d): 7.45-7.2 (m); 7.18 (t); 
6.97 (d)- 5.04 (s); 4.6 (m); 3.68 ( m); 3.20 (m); 2.70 (m); 2.42 (m); 2.22 (m); 2.0 .1.8(m) 
; 1.7-1.2 (m);1.0-0.7(in). 

Tntermediate 70 

10 f.fV^-AminQ-2.4-ninvn-1-f3-me th yn.itf-1-vlVS-Dhenvl--2,3A5-tetrahvdrQ-tH-l.5- 
^ftnmdiazepine 

Intermediate 69 (0.95g) was suspended in ethyl acetate (130 ml), washed with a 5% 
ammonia solution (70ml) and stirred at 23" for 10 min.The organic layer was separated, 
washed with brine (3x70nil) dried and concentrated in vacuo to give the crude 
15 compound. Purification by flash chromatography (duting with acetone-raethanol 9:1) 

thP titU compound asawfaitefijam(0.51g). [alpha]^; IR . 3375 (NH,), 1715- 
1661(C=C), 1591 cm-l; IH-NMR :7.5- 7.1(m); 6.95 (dd); 4.6-4.5(m), 4.24 (s); 3.8-3 
.65(m); 1.8(m); 1.62-1.4(m) ; 0.92Cd); 0.89 (d). 



20 Tntermediate 71 

^-ATnino-2.4-diAvn-S-f2-fluoro rh«tvlVl-f3-methvlbut-l-vn-2.3,4,5r 

t,^rahvdro-lH-T S-hen2odiazep mt» nRW-VlO-camnhorsulfianatg 

A hot solution of (.lRK-)-10-<»xnphorsulfonic add (1.685g) in ethyl acetate (15ml) was 

added, dropwise over 30', to a solution of the intermediate 3 (3.0g) in ethyl.acetate (7ml) 

25 previously heated to 90 to under a nitrogen atmosphere. The resulting solution was 

heated to 90 for 10", then concentrated in vacuo. The residue triturated witii 

EE-petroleum gave a (+)/(-) 50/50 mixture of diastereomeric salt (4.65g). 

Rccrystaffization from 2-propanol gave the title compound (0.9g). M.p.216-7. 

[alpha]D=H^7.8. 
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Intermediate 72 

3-(+VAinin(>-Z4-dtoxo>5-f2-fluorophenvlVl>f3>methylbut-l«^^^ 
IH" 1 ,5-benzodiazepine 

Intermediate 70 (0.85g) was dissolved in a 5% ammonia solution (50ml) and extracted 
5 with ^hyl acetate (2x40ml). The combined organic extracts were washed with brine 
(60mlX dried and concentrated in vacuo to give the title compound as a white foam 
(0.5g)-Mp. 125-6^ 

T.lc. DCM-methanoI (30:1), Rf 0.38. [alpha]D=+115.2. 

10 Intermediate 73 

2-f Adamant-2-vnaniino-diphenvlamine 

Sodium borohydride (1 .873g) was added portion\^se to a mixture of 
2-aminodiphenylamine 1 (0.61g), sodium acetate trihydrate (136g) and 2-adamantanone 
(0.5g) in acetic acid (2. 1ml), water (8ml) and ethanol (6.5ml) cooled to 0. The reaction 

15 nuxture was stirred at 23 for Ih, then diluted with ethyl acetate (100ml). The organic 
layer was washed v^h water (30ml), a 10% solution of sodium hydroxide (2x25ml), 
water (30nd) and brine (20ml), dried and concentrated in vacuo to yield a residue which 
was taken up in DCM and the unreacted solid 2-adamantanone was removed by filtration. 
The filtrate was concentrated in vacuo and purified by flash chromatogrq)hy (eluting with 

20 CH-EA 95:5) to give the title compound as a yellow solid (0. 1 85g). 
T.Lc. CH-EA (90:10), Rf 0. 73. 

Intermediate 74 

WAdamant-2-vlV2-4-dioxo-5-phenvl-3-phenvlhvdra2ono-2.3.4,S-tetrahvdro-lH"LS- 
25 benzodiazepine 

The intermediate 73 (0.96g) and 2-phenylhydra2onomalonyldichloride (0.89g) were each 
taken up in THF (10ml) and dropped in a flask containing THF (50ml) maintained at 0 
under a nitrogen atmosphere. After complete addition the solution was allowed to. warm 
to room temperature and then heated to 50 for 3h. The reaction mixture was concentrated 
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in vacuo to give an oil, which was purified by flash chromatography (eluting with 
CH-EA. 90:10) to give the title compound a s a yellow solid (0 J58g). 
TJ.C. CH-EA ( 80:20), Rf 0.60. 

5 Intermediate 75 

l,fAdamflnt-2>vlV3-amifio-24,dioxQ- 5-nhenvl-2J.4.S>teto 

1 S-benzo^azepine 

A suspension of the intennediate 74 (0.745g) in glacial acetic acid (10ml) was added to a 
mixture of zinc dust (0.956) in glacial acetic acid (Snd), cooled to 0, The mixture was 
1 0 stirred at 23 for 3h, then dihited with water (100ml) and decanted from adnc. Solid 
sodium carbonate was added until pH=9 and the mixture extracted with ethyl acetate 
(3xl00ml).The combined orgaruc extracts were dried and concentrated in vacuo . The 
residue was triturated with ^yl acetate to ^ve the title compound as a white solid 
(0.51g). M.p. 231-3° (dec). TJ-C. DCM-methanol (90:10), Rf 0.6L 

15 

Lfitermediate 76 

l,fAHamant>2-vlV2 4-gfioxo>3-isQcvanate-5 -phenvl-2JA5-tetrahvdro- 
benzodiazepine 

Phosgene in toluene (L93M solution,! 6ml) was added to a solution of the intermediate 
20 75 (0.285g ) in dichlorom^hane (10ml); the resulting solution was stirred at 23 for 4h, 
then concaitrated in vacuo at 50 for 2.5h to give the titie compound a s a white foam 
(0.29g). 

IR : 2220 (N=C), 1697 and 1676 (C=0) cm '; 

^H-NMR : 7.50-7.15 (m); 7.05.6.95(m); 4.7 (s); 4.55 (m); 3.05 (m); 2.35 (m); 1.95-1.1 
25 (m). 

Intermediate 77 

24^2-cvcloDentvl-ethvn-amino>2'fluoro-diphenvlanune 
Sodium borol^ride (17.86g) was added portionwise to a nuxture of 
30 2-amino-2'-fluoro-diph«iylanune (6.47g), socUum acetate trihydrate (4.24g) and 
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cyclopentylacetaldehyde (3.58g) in acetic acid (19.6ml), water (76ml) and ethanol (60ml) 
cooled to Oo. The reaction mixt ure was stirred at 23o for Ih and 30 min., then diluted 
with ethyl acetate (200ml). The organic layer was washed with water (70ml), a 1 0% 
solution of sodium hydroxide (70ml), and brine (50ml), dried and concentrated in vacuo 
5 to yield a residue which was p urified by flash chromatography (eluting with CH-EA 9: 1) 
to give the title compound as a yellow oil (3.35g). T.l.c. CH- EA (9: 1 ), Rf 0.78 

Intermediate 78 

W2-cvdopentvl-eth^V2.4-dioxo-542-fluorophenvlV3-phenvlhvdra2onor2,3.4.S 

10 tetrahvdro>lH-1.5-ben2odiazepine 

The intermediate 77 (3.30g) and 2-phenylhydrazonomalonyldichloride (3.25g) were each 
taken up in THF (25ml) and dropped in a flask contdning THF ( 1 50ml) maintained at Oo 
under a nitrogen atmosphere. After complete addition the solution was allowed to war m 
to 23X; the reaction mixture was then heated to 55° for 3h and concentrated in vacuo . 

IS The residue was taken up in cyclohexane/EA 7/3 ( 40 ml ); the precipitate was filtered ofif 
and washed with cycloh&cane to give the title compound as a vellow solid f3.75gV T.l.c. 
CfrEA (1:1), Rf 0.71. 

Intermediate 79 

20 3-Anttno-W2-cvclopentvl-ethvlV2.4-dioxo-S-f2»fluoro'>phenvl-2J.4J-tetrah^ 
IH-LS-benzodiazepine 

To a suspension of Zinc dust (4.70g) cooled to 0^ intermediate 78 (3.70g) in gbcial 
acetic acid (50ml) was added. The mixture was stirred at 23^ for 5h, then, diluted with 
water (250ml) and decanted fi-om the anc. Solid sodium carbonate was added until Ph 9 , 
25 then EA( 300ml) was added and the organic extracts were dried and concentrated in 

vacuo to give a residue which was purified by flash chromatography (eluting with CH-EA 
1:1) then with DCM/methanoI 9: 1 to give the title compound (2.55g) as a white foam. 
T.I.C. DCM-methanol (90:10), Rf 0.63. 
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Intermediate 80 

1-(?-^dnpentvl-ethvl>-7- 4-dioxo-S- r9-fliimnhenvn-3-isocvanate-?. 1 4 5-tetrahvdrP-lH- 
1 .S-boizodiazepine 

Phosgene in toluene (1 .93M solution, 25ml) was added to a solution of the intermediate 
5 79 (0.734g ) m dry dichloromethane (60ml); the resulting solution was stirred at 23' for 
5h. then concentrated in vacuo at 50" for 3h to give the title compound as a white soUd. 
Tie. DCM-methanol (90:10), Rf 0.63. 

TntermecBate 81 

10 ?.micvclo li t i]-S-heotenP -?-vl-niethvlVamino-diphenvlaming 
To a solution of 2-aniinodiphenylaniine (3.06g) in toUiene (lOOml) 
5-norbomene-2-carboxaldehyde (2ml) was added and the mixture was refluxed under a 
nitrogen atmosphere, in the presence of 4A molecular sieves, for 6 hrs. The solution was 
decanted from the aeves and the solvent was evaporated. The residue was dissolved in 

15 methanol (lOOml) and sodium borohydride (5.70g) was added portionwise. The mixture 
was stirred at 23" for 12 hr., diluted with ethyl acetate (lOOml), washed with a 10% 
potasaum carbonate solution (2x1 00ml) and brine (100ml), then dried and concentrated 
in vacuo . The crude material was purified by flash chromatography ( eluting with CH-EA 
95:5) to ^ve Ae title cpmoound (0.92g) as a yellow glass. T.Lc. CH-EA (95:5), 0.56. . 

20 

Intermediate 82 

] -f Wir ydn ^2 -l. 1 V5-heptene-2-vfanethvlV2.4-dio xo-S-phenvl-3-Dhenvlhvdrazono-2.3.4.5- • 
tetrahvdro-lH-lS-benzo rfia?«pine 

IntermeA'ate 81 (0.85g) and 2-phenylhydrazonomaIoi^idichloride (0.87g) were each 
25 taken up in dry THF (40ml) and dropped into a flask containing THF (10ml). The mixture 
was refluxed, under nitrogMi, for 2 hrs, then it was diluted with ethyl acetate (50ml) and 
washed with a 5% sodium bicarbonate solution (50ml) and brine (50ml). The organic 
layer was dried, concentrated in vacuo and purified by flash chromatography (eluting with 
CH-EA 9: 1) to th e title compound (1 .27g) as a yellow foam. M.p. 149-15 1° . T.I.C. 
30 (CH-EA 8:2) Rf 0.34. 
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lQterme4?atP 83 

3>AiTOno-l-flBicvclor2.2. 1 VS-heptene-2-^-methvlV2.4-dioxo«S-phenvl- 

23.4.5-tetrahvdrO" 1 H- L 5-benzodiazepine 

Zinc dust (1.5g) was added to a solution of the intermediate 82 (0.49g) in glacial acetic 
5 acid (20ml). The mixture was stirred at 23** for 12 hrs, then it was filtered through a pad 
of celite. The filtrate was concentrated in vacuo : the residue was taken up in ethyl acetate 
(70ml) and washed with a 10% sodium hydroxide solution (2xS0m]) and brine (2x50ml), 
then dried and concentrated in vacuo . Purification by flash chromatography (duting with 
EA- MeOH 9: 1) afforded the title compound (.0.26g) as a light yellow foam. T.l.c. 
10 (EA-MeOH 9:1), Rf 0.37. 

jntennediate 84 

3-Ammo-l'f bicvclo r2.2.1]-2>heDtvlmethvlV2.4>dioxo-S-phenvU 
2,3.4.5-tetrahvdrO'lH-l S-benzodiazepine 

15 The intermediate 82 (0.506g), suspended in methanol (20ml), was hydrogenated at 1 
atmosphere, in the presence of 5% Pd/C (0.271g) and concentrated hydrochloric acid 
(1.6ml), for 7h. Then, the mixture was filtered through a pad of celite and the solvents 
were evaporated. The residue was tak^ up in eth)i acetate (100ml) and washed with a 
5% sodium hydroxide solution (2xl00m]) and brine (100ml); the organic layer was dried, 

20 concentrated in vacuo and purified by flash chromatography (eluting with EA-MeOH 9: 1) 
to give the titie compound (0.3 1 g) as a white foam. 
T.Lc. (EA-MeOH 9:1) R^O.55. 

Intennediate 85 

25 2-[Bicvclo[2.2>IV2-heptyl)amino-diphenvlamine 

A mbcture of 2-aminodiphenylamine (5,0g), 2-norbomanone (3.0g) and molecular sieves 
in dry toluene (200ml) was heated to 120^ for 6h. The mixture was allowed to cool to 
room temperature, filtered and the solution concentrated in vacuo. The residue was 
dissolved in ethanol (200ml), then sodium borohydride (3.0g) was added portionwise. 

30 The resulting mixture was stirred at 23^ for 30 min, diluted with water (1 50m]) and 



wo 93/14074 



PCr/EP93/00098 



48 

extracted with ethyl acetate (300ml). The organic layer was washed with brine (2x200nil), 
dried and concentrated in vacuo to an ofl which was purified by flash chromatography 
(eluting with CH-EA 9:1) to give the title compound as a yeUow oil (3 .5g). T.l.c. CH-EA. 
(9:1), Rf 0.74. 

5 

ffitftrmediate 86 

|-yB;rYf!Tn p211-2-ji « ^lK4-dioxo-5-phenvl-3-D henvlhvdrarono-2 3.4.5-tetrahvd 
H-1 S-benzo diazemne 

The intennediate 85 (3.77g) and the 2- phenylhydrazonomalonyldichloride (3.98g) were 
10 each taken up in THF (70nil> and dropped into a flask containing THF (60ml) under a 
nitrogen atmosphere. After complete addition the solution was heated to 50" for Ih. The 
solution was concentrated in vacuo to an oil which was puiffied by flash chromatography 
(eluting with CH-EA 8:2) to give the title compound as a yeUow solid (6.0g). 
M.p.ll0-ni° T.I.C. CH-EA (7:3). Rf 0.72 and 0.66. 

15 

T utermediate 87 

^-An..-nn-1- fhfcvdor2.2n-2-heptvl1-2 4-dioxo-5-phenvl-2.3.4.5-tetrahvdrorlH-l.S- 

Zinc dust (3.26g) was added to a solution of the intermetUate 86 (3.0g) in glacial acetic 
20 add (30rol). The mixture was stirred at 23° for 4h, then decanted from anc. The solution 
was baafied until pH=9 uang 10% sodhim Iqrdroxide solution and extracted with ethyl 
acetate ^lOOml). The comWned organic extracts wwe washed with brine (I50ml), dried 
and concentrated in vacuo to a readue which was triturated wth diethyl edier to g?ve the 
title compound a s a white solid (1.34g). M.p. 172-3^ T.l.c. EA-MeOH (95:5), Rf 0.3. 

25 

Intennediate 88 

7-- f?,-Adaniantv)niethvl'toniin Q-diphenvlamine 

A solution of sodium acetate trihydrate (6.45g) and acetic acid (5ml) in water was added 
to a nuxture of 2-adaniantanecarboxaldehyde (2.6g) and 2-aminodiphenylamine 1 (2.84g) 
30 in ^hanol (130ml). Then sodium borohydride (5.97g) was added portionwise. The 
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resulting mixture was stirred at 23^ for 6h, then diluted with water (80ml) and extracted 
with ethyl acetate (2xlS0mI). The combined organic extracts were washed with brine 
(ISOml), dried and concentrated in vacuo to a residue, which was purified by flash 
chromatography to give the title compound as a yellow oil (2, 15g). T.l.c. CH-EA (8:2), 
5 Rf 0.86. 

Intermediate 89 

W2>AdamantvlmethvlV2,4>cBoxo-S>Dhenvl»3-phenvlhvdrazono 
IH- 1 ,S-ben y^ia^epine 

10 A solution of 2-phenylhydrazonomalonyldichloride (1.78g) in THF (SOml) was added to a 
solution of the intermediate 88 (2.0g) in THF (SOml) under a mtrogen atmo^here.The 
resulting solution was heated to 50^ for Ih., then concentrated in vacuo to a residue 
which was purified by flash chromatography (eluting with CH-EA 9: 1) to give the title 
compound as a yellow solid (1.95g). Mp. 135- 6^(dec) T.lx. CH-EA (8:2), Rf 0.48. 

15 

Intermediate 90 

l-f2>Adamantvlmeth vlV3-amino-2-4-dioxo-S-phenvl-2J.4J-tetrahv^ 
benzodiazepine 

Zinc dust (L84g) was added to a solution of the intermediate 89 (1.9g) in glacial acetic 
20 acid (20m]). The mbcture was stirred at 23C for 2h, then decanted from zinc. The solution 
was basified until pH=9 using 10% sodium hydroxide solution and extracted with ethyl 
acetate (2x80ml). The combined organic extracts were washed with brine (100ml), dried 
and concentrated in vacuo to a residue wluch was purified by flash diromatography 
(eluting in gradient from CH-EA 1 : 1 to EA) to give the titie compound as a yellow solid 
25 (0.95g). M.p. 209-210^ TJ.c. EA-MeOH (20: 1), Rf 0.38. 

Intermediate 91 

5-Fluoro^N-(4-FluoroDhenvn 2-nitro aniline . 

A iTUXture of 2,4-difluoronitrobenzene (5.5m]),4-fluoro aniline (14.2ml) and sodium 
30 carbonate (5.3g) was heated at 1 80^ for 3h. The reaction mixture was cooled to room 
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temperature, then diluted with DCM , washed with water (50inl), brine (2x50ml) dried 
and evaporated under vacuum to give the crude compound (22.6g), which was purified by 
flash chromatography with CH-EA 4/1 to give the title compound as an orange solid 
(12.35g)M.p. 115-6" Tic. CH-EA (10:1), Rf 0.52. 

5 

4-FluorD N'-r4rfluorophenvlVl-2-benze ndianune 

A solution of potasMum carbonate (8.292g > and sodium hydrosulfite (6.964 g) in water 
(200 nd) was added to a suspension of the intermediate 9 1 (2.502g ) in 95% etfaanol 

10 (350mi). The mbcture was stirred at 23° fisr Ih, tiie reaction mixture was addified to 
pH=3.5 writh cone, hydrodiloric add and concentrated in vacuo to half volume. A 10% 
solution of sodium hydroxide was added until pH=10 iuid the solution was extracted witii 
ethyl acetate (200ml). The combined organic extracts were washed witii brine (200ml), 
dried and concentrated in vacuo to ^ve the crude compound (2.93 g) which was 

1 5 purified by flash chromatography using CH-EA 3/2 as eluent to give tiie title ggmPQund 
as a brown ofl (1.64 g). M.p.83- 84°. T.l.c. CH-EA (2:1), Rf 0.35. 

Tntermediate 93 

- If -f /^rfamantane-l ^etfavlV4-Fluoro-N"-(4 -fliinmnhenvlVl-2- benzendiamine 
20 To a sohition of I-adamantanecarboxaldeMe (l-223g) and intermecUate 92 (1.64g) in 
^anol (SOnil) a buffer prq)ared witii sodium acetate trihydrate (3.04 g) and glacial acetic 
add (004ml) in water (25m0 was added and tiie mbcture was stirred at 23° . 
A furtiier amount of etiianol (15ml) was added to get a clear solution and sodium 
borohydride (2.8g) was added portionwise. The mixture was stirred at 23° for20h,and 
25 then diluted with ethyl acetate (30ml). The combined organic extracts were washed with 
potassium carbonate (30ml) with brine (30ml), dried and concentrated in vacuo to give a 
red oil (3.102 g) wtech was purified by flash chromatography (eluting with CH-EA 15:1 
to gtv& the title compound a s an orange oil (0.854g) . T.l.c. CH-EA (9:1), Rf 0.59. 

30 
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Intermediate 94 

WAdaniantane-l-methvlV2.4-Dioxo-7-fluoro-S-(4-fluoro phenvH -3-phenvlhvdrazono- 
2, 3,4.S-tetrahvdro-lH-KS-benzodiazepine. 

The intennediate 93 (0.850 g) and the phenylhydrazonomalonyldichloride (0.565g ) were 
5 each taken up in THF (30nil) and dropped in a flask containing THF (30ml) maintained 
under a nitrogen atmosphere. After complete addition the solution was heated to 70C for 
3h. The solution was diluted with EA ( 1 00ml), washed with 5% sodium hydrogen 
carbonate solution (lOOmI) and brine (100ml) , dried and concentrated in vacuo to a red 
foam (1.268 g) , which was purified by flash chromatography (eluting with CH-EA 3:1) 
10 to give the title compound as a yellow foam (0.562g). T.Lc. CH-EA ( 3:1), Rf 0.46. 

Intermediate 95 

1 -rAdamantane-l-methvlV3-Amino-2.4-dioxo-7-fluoro-5-'(4-fluoro phenvlV2-3.4.S- 
tetrahvdro- 1 H- 1 . 5-benzodiazepine 

15 Zinc dust ( 0.673g) was added to a solution ofthe intermediate 94 (0.557g) in glacial 
acetic add (20ml). The mixture was stirred at 23C for 6h,filtered and evaporated to 
dryness; the residue was dissolved in water (80ml), the solution was basiiied with solid 
sodium hydroxide until ph=9, extracted with with EA (100ml). The combined organic 
extracts were washed v^h brine (2X 30mIX dried and concentrated in vacuo to give a 

20 yeOow foam (0.547g) which was purified by flash chromatography (eluting with EA- 
Mrthanol 9 /I to give the title compound as a white solid (0.322g) M,p. 232-3°. T.l.c. 
EA-metiianol (9:1), Rf 0.56. 

Intennediate 96 

25 N-1 -f Adamantane- 1 -methvlV3-amino-5-phenvl-2.3 .4.5-tetrahvdro- 1 H- 1 .5- 
benzodiazepine. f IRVf -V 1 0-camphorsulphonate 

A solution of (IR)-(-)-l^-camphorsulphonic acid (13. 2g) in acetonitrile (1035ml) was 
added dropwise to a solution of intennediate 41 (33g) in acetonitile (1089ml) and the 
stirred mixture was left overnight at room temperature. The precipitate was filtered and 
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10 



washed with acetonhrile. (SOml) ethyl acetate (50ml) and petroleum ether (SOmT) to give, 
after drying in vaccum, the title compound (16. 17g) as a white soUd . M.P. 270-2". 

Tntermediate 97 

(4.)Xf-l-(-/lrf«m»tntaiie-l-m« ^fhvn-3-amino-2.4-dtoxo-S-phenvl-2.3.4.5- 
tRtrahvdro-lH -' ,H'T]^f1ff7«P'"^ 

A suspension of intermediate 96 (6.05g) in ethyl acetate (395mi) was mixed with 5% 
aqueous ammonia (395nil) for 5 min, and the organic layer separated. The aqueous layer 
was washed with ethyl acetate (395ml) and then the ethyl acetate phase separated. The 
combined oiganic extracts were dried and the sohrent evaporated to give the titlg 
compound as a white foam ( 4. Ig ). T.l.c. EA-methanol (95.5). Rf 0.33 [alphajp = +3 1 . 



Intermediate 98 • 

4-Fliinm-N'-f3-methvlbut-l-vl)-N"-phenvl-I. 2-henzCTdiamine 
25 Bromo 3-methylbutane (0.38ml) was added to a solution of the 5-fluoro 

N'-phenyH,2-benzencBamine (0.645 g) and sodium iodide (0.476g) in dimethylformamide 
(25ml) under a mtrogen atmosphere. The solution was stirred at 120° for lOh, then cooled 
to room temperature, diluted with water (30nil) and extracted with ethyl ether (2x25ml). 
The combined oigamc extracts were washed with brine (30ml), dried and concentrated in 
20 vacuo to give a red oil. which was purified by flash chromatography (duting with CH-EA 
9:1) to give the title compound as a brown oil (0.467g) . T.l.c. CH-EA (2:1) , Rf 0.78. 

Tntermediate 99 

7., 4-nioxo-7-fluorn-1 -G-methv lhut-1 -vlV5-phenvl- 

25 :^-phenvlhvdrarnnQ-2.3.4.S-tetrahvdro- IH-l.S-benzodiazepine. 

The intermediate 98 (0.454 g) and the phenylhydrazonomalonyldichloride (0.49g) were 
each taken up in THF (1 5ml) and dropped in a flask containing THF ( 1 5ml) maintained 
under a nitrogen atmosphere. After complete addition the solution was heated to 70" for 
Ih. The solution was diluted with EA (20ml), washed with 5% sodium hydrogen 

30 carbonate solution (20mO and brine (20ml), dried and concentrated in vacuo to an oil. 
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which was purified by flash chromatography (eluting with CH-EA 8:2) to give the litis 
esmpfiundas a ydlow foam (0.565g). T.I.c. CH-EA ( 4:1), Rf 0.33. 

Intermediate 100 

5 3-Amino-2.4-diQxc>.7-fluoro -l-f3-methvlbut-l-vlV5-Dhenvl-2.3.4.5-tetrahvdro-lH-1.5- 
beteodiazepine 

Zinc dust ( 0.822g) was added to a solution of the intermediate 99 (0.559^ in glacial 
acetic add (20ml). The nnixture was stirred at 23° for 2h, then diluted with 10% solution 
of sodium hydroxide tmtil pH'=9 and the nuxture extracted with ethyl acetate (2x30nil). 
1 0 The combined organic extracts were washed with brine (30ml), dried and concentrated in 
vacuo to give a brown oil (0.529g) wtich was purified by flash chromatography (eluting 
with CH-Methanol 19 /I to give the title compound as a yellow foam (0.323 g). Mp. 
125-6C. T.Lc. EA-methanol (19: 1), Rf 0.45. 

EXAMPLE 1 

N-f2.4-Dioxo-5-('2-fluorophenvn-l -f3-mrtfaylbut-l -yn2.3.4.S-tetrahvdro-lH- 
I , S-hPn-7r^^p^>i^n.3-vn-N'-phMivlurea 

Phenyl isoc^anate (0.136ml) was added to a solution of the intermediate 3 (0.4g) in dry 
ac^oratrile (lOml) under a nitrogen atmospbere.The mixture was stirred at 23° for Ih, 
filtered and the solid washed with diethyl ether to give the title compound as a vMts 
solid (0.45g). M.p. 254-50. TJ.c. CH-EA(1:1), Rf 0.65. IR :3450 (NH). 1707 and 
1670 (C=0), 1601 and 1533 (C=C) cm- 1; 'H-NMR :7.459 (dd); 7.4-7.1 (m); 7.03 (m); 
6.989 (dd); 6.933 (bs); 6.353 (d); 5.366 (d); 4.457 (m); 3.70 (m); 1.6-1.4 (m); 0.902 (d); 
0.888 (d). 

EXAMPLE 2 

N-ri-f3 3-l>imethvlbut-l-vlV2.4-dioxo-5-f2-fluorophenvh-2.3.4.5-tetrahvdro-lH- 
I ■5-benzodia2epin-3-vn-N'-phenvlurea 

Pfaen)^ iso(7anate(0.I06ml) was added to a solution of the intermediate 6 (0.3g) in 
diy acetonitrile (5mi) under a nitrogen atmosphere. The mixture was stirred at 23° for 
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Ih. filtered and the solid washed with diethyl ether to give the title cgmpound as a 
white soBd (0.27g). M.p. 271-2« T.Lc. CH-EA (7:3), RfO.32. IR :3310 (NH). 
1718,1668 and 1639 (C=0). 1601 and 1556 (C=C) cm-I; 'H-NMR :7.45 (dd); 7.4-7.10 
(m); 7.06^.97 (m); 6.414 (d); 5.362 (d); 4.476-4.373 (m); 3.757-3.656 (m); 1J03 (tn); 
5 0.924 (s). 

FyAMPIJE3 

M-p/Lr>inyn-5-r2-flli»f»p^eawlVl-r i-niethvlbut-I-vlV2.3.4.S- 
t^tr» ^Hm-m-l S-benzp ^-^^r-"-^-!^!-^-^- methvlmercaoto)phenvlun» 

10 3-Methylmercaptoaniline (0.065ml) was added to a solution of the intermediate 7 (0.2g) 
in dicfaloromethane (10ml) under a nitrogen atmosphere. The solution was stirred at 23" 
for 3h, then concentrated in vacuo and triturated vwth acetonitrile to give the tide 
£2IDB2Uada5awhitesolid(0.I32g).M.p. 246.7". T.l.c. CH-EA (1:1), Rf 0.58. IR: 
1711.1691,1680 and 1670 (C=0), 1595 (C=C) cm-1; 'H-NMR :7.46 (dd); 7.4-7.3 (m); 

15 7.26-7.10 (m); 7.04-6.9 (m); 6.82- 6.76 (bm); 6.257 (d); 5.333 (d); 4.46 (m); 3.700 (m); 
2.436 (s); 1.6-1.4 (m); 0.906 (d); 0.886 (d). 

KyAMPLE4 

M.p , A-AnyfvS-f2-flliomphenvn-l-0 -methvlbut-l-vn-2.3.4.5- 
20 f^hvdro-lH-l s-h.«zf>diazeniP-^-vl1->r-r3-dimethvlamirio>phenvlurea 

Triethylamine (0.32ml) and 3-dim^lanunoaniline difaydrochloride (0.24g) were added 
to a suspension of the intermediate 8 (0.22g) in diy dimethylformamide (5ml) under a 
nitrogen atmosphere. The resulting mixture was heated to 160° for 2h, then cooled to 
room temperature, diluted with water (20ml) and extracted with ethyl acetate (2x20ml). 
25 The combined organic extracts wwe dried, concentrated in vacuo and triturated with 
acetonitrile to pve the title compound as a white solid (0.12g). M.p. 252-3*. T.Lc. 
CH-EA(1:1), RfO.5. IR:3312(NH), 1707,1676 and 1639 (C=0). 1593 and 1558 
(OC) cm-1; 'H-NMR :7.45 (dd); 7.41-7.28 (m); 7.25-7.1 (m); 7.134 (t); 6.981 (dd); 
6.818 (t): 6.634 (bs); 6.599 (dd); 6.455 (dd); 6.365 (d); 5359 (d); 4.509-4.409 (m); 3.741 
30 -3.645 (m); 2.918 (s); 1 .6-1 .42 (ra); 0.908 (d); 0.896 (d). 



wo 93/14074 



PCT/EP93/00098 



55 



EXAMPLE 5 

N-rU3.3-Dimethvibut-l-vlV2.4-dioxo-5-f2-fluorophenvn-2.3.4.5- 
t^i^dr(>-lH-1.54>en2odiazeDi n-3-vIVhr43-methvlmer(aptoVhmvl^ 
5 3-Methylinercaptoainline (0. 1 9inl) was added to a solution of the intomediate 9 (0.3g) in 
dry dimetMfonnanude (Sml) under a nitrogen atmosphere. The solution was heated to 
160° for Sh, then cooled to room temperature, diluted with water and extracted with ^l^rl 
acetate (2x20nil). The comlnned organic extracts were dried, concentrated in vacuo and 
triturated with acetonitrile to ^ve the title compound as a white solid (0.08^. M.p. 
10 249-50*". T.Lc. CH-EA (7:3), Rf 0.33. IR : 3308 (NH), 1707,1676 and 1643 (C=0). 
1607(C=C)cm-l; 'H-NMR : 7.48-7.30 (m); 7.28-7.10 (m); 7.04-6.90 (m); 6.83 (bs); 
6.29 (d); 5.34 (d); 4.41 (m); 3.71 (m); 2.44 (s); 1.50 (m); 0.93 (s). 

EXAMPLE 6 

15 N-rW3.3-rHmfahvniut-l-vlV2.4-dioxo-5-f2-fluorophenvlV2.3.4.5- 

trtra^vdro-lH-1.5-benzodiazepin-3-vll-N'-f3-dimethvlanuno1phenvlurea 
Triethylamine (0.43ml) and 3-dimethyIaminoaniline dihydrochloride (0.324g) were added 
to a solution of the intermediate 9 (0.3g) in dry dimethylformamide (Sml) under a nitrog«i 
atmosphere. The solution was heated to 160** for 2h, then cooled to room temperature, 

20 ^uted with water aitd extracted with ethyl acetate (2x20ml). The combined organic 

extracts were dried, concentrated in vacuo and triturated with acetoiutrile to give the title 
compound as a white solid (0. 1 6g). M.p. 255-6". T.Lc. CH-EA (6:4). Rf 0.28. IR : 3308 
(NH), 1717 (CO), 1637 (C=C) cm-1; 'H-NMR : 7.48-7.10 (m); 6.98 (dd); 6.81 (t); 
6.66-6.56 (m); 6.46 (dd); 6.34 (d); 5.36 (d); 4.41 (m); 3.70 (m); 

25 

EXAMPLE 7A 

N-[ 1 -('3.3-Dimethvl-2-hvdroxvbut- 1 -vl>-2.4-dioxo-5-f 2-fluorophenylV 
2.3 .4. 5-tetrahvdro- 1 H- 1 . 5-benzodiazepin-3-yn-N'-phenylurea 

Phenyl iso<^anate (0.068ml) was added to a solution of the intermediate 12 (0.2g) in dry 
30 ac^onitrile (5ml) under a nitrogen atmosphere. The mixture was stirred at 23° for 20h, 
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concentrated in vacuo and the residue triturated with diethyl ether to give t he jffle 
corn|22undasawhitesoUd(0.2g). M.p. 248-9» TJ.c. CH-EA (1:1). Rf 0.60 and 0.58. 
IR:330&(NH). 1709 and 1670 (C=0). 1639 and 1601 (C=C) cm-1; 'H-NMR :7.66 (d); 
7.46-7.06 (m); 7.02-6.9 (m); 6.8-6.7 (bs); 6.62 (d); 5.412 (d); and 5.402 (d); 4.492 (bd); 
5 4.303 (bm); 3.936 (d); 3^5-3.85 (m); 3.613 (bt); 3.48 (bs); 2.634 (bs); 2.504 (bs); 0.918 

(s). 

RyAMPLE7B 

M-[l -p i-nimethvl-?-hvdroxvbut -1 -vlV2 4-<fiovn-S-r2-fluorophenvlV 
10 7- -i 4 5-tetrahvrirn-lH-1.5^ben7.odiazeDin-3 -vll-N'-phenvIurea(diastereomer 1) 

Phenyl isoc^ate (0.0984ml) was added to a suspension of the intermediate I3a (0.29g) 
in dry acetonitrile (5ml) under a nitrogen atmosphere. The mixture was stirred at 23" for 
20h, concentrated in vacuo and the residue triturated with diethyl ether to give the title 
^inES!!l!dasawhitesoUd(0.29g). M.p. 255-6Hdec). T.l.c. CH-EA (1:1), Rf 0.6. IR 
15 :3352^282 and 3253 (NH and OH), 1705 and 1680 (C=0), 1630 and 1599 (C=C) cm-1 ; 
'H-NMR :7.905 (dd); 7,38-7^4 (m); 7.24-7.1 (m); 7.05 (bs); 6.98-6.85 (m) ; 6.80 (bs); 
5.395 (d); 4.513 (bd); 3.936 (bs); 3.598 (bt); 2.521 (bs); 0.924 (s). 

KyAMPLE7C 

20 N-ri-f3.3-Dmift»hvl-2-hvdroxvhut-l-vlV2.4 -dioxo-S-f2-fluorophenvl)- 

7 4 S-tetrahvdro-lH-l-S-bep ^»«<'«^'"-'<-vll-N'-phenvlureafdiastereomern) 
Phenyl isocyanate (0.12inl) was added to a suspension of the intermecfiate 13b (0J3g) in 
dry acetonitrile (5ml) under a nitrogen atmosphere. The mixture was stirred at 23° for 3h, 
filtered and the solid washed with diethyl edier to give the title compound a s a white 

25 solid (0.27g). M.p. 204-5". T.l.c. CH-EA (1:1), Rf 0.58. IR:3308 (NH and OH). 1718 
and 1670 (C=0). 1601 (C=C) cm-1; 'H-NMR: 7.86 (d); 7.4-7.12 (m); 7.02-6.94 (m); 
6.577 (d); 5.414 (d); 4J12 (t); 3.931 (d); 3.454 (bs); 2.560 (bs); 0.919 (s ). 
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N-r T 1 3-Diniethvlhut- 1 -vlV2.4-dioxo-S-phenv l-2.3.4.5-tetrahvdro- 
lH-1.5-benzodiazepin-3-vll-N'-phenviurea 

Phenyl isocyanate (0.1ml) was added to a solution of the intermediate 16 (0.22g) in dry 
acetonitrile (10ml) under a nitrogen atmosphere. The mixture was stirred at 23" for Ih, 
5 concentrated in vacuo to give an oil which was purified by flash chromatography 
(duting with CH-EA 80:20 to give a crude sample which was triturated with 1/1 
mixture of petrolomt/ethyl ether ( 30 ml) to give the title compound ( 0. 12 g). T.i.c. 
CH-EA(l:l),Rf0.53. IR :3370 (NH), 1701 and 1670 (C=0), 1651 and 1601 (C=C) 
cm-l; 'H-NMR .-7.44-7.35 (m); 7.34-7.24 (m); 7.24-7.15 (m); 6.982 (m); 6.538 (d); 
10 6.529 (d); 5.328 (d); 5.321(d); 4.576 (m); 4.438(q); 2.1 l(m); 1.74-1.64(m); 
1.64-1.44(m); 1 .542 (d); 1.435(d); 0.886 (d); 0.882 (d); 0.873 (d); 0.827(d). 

EXAMPLE 9 

N-f7-Chloro-2-4-dioxo-l-f3-methvlbut-l-vlV5-phenvl-2.3.4.5- 

15 tetrahydro-lH-1.5-benzodiazepin-3-vl1-N'-phenvlurea 

Phenyl isocyanate (0.1ml) was added to a solution of the intermediate 20 (0.2g) in dry 
acetonitrile (9ml) undw a mtrogen atmosphere. The mixture was stirred at C* for 2h, 
filtered and the solid triturated with petroleum ether/ethyl etho- (2/2ml) at O^C, filtered 
off, washed vnth 1/1 nuxture petroleum ether/ethyl ether (10 ml ) to give the ^ 

20 fflmpQiffi^asa white solid (0.17g). T.l.c. CH-EA(1:1). Rf 0.59. IR :3312 (NH). 1713 
and 1684 (C=0), 1639 and 1605 (0=C) cm-l; 'H-NMR :7.45-7.00 (m); 7.10(m); 6.989 
(dd);6.97 (d); 6.42 (d); 5.31 (d); 4.51(m); 3.59(m); 1.58-1.46 (m); 1.46-1.38(m); 0.87 
(d); 0.85(d). 

25 EXAMPLE 10 

N-f8-Chloro-2 4-dioxo-W3-methvlbut-l-vlVS-phenvl-2.3.4.5- 
tetrahvdro-lH-l.S-benzodiazepin-3-yl]-N'-phenvlurea 

Phenyl isoqranate (0. 1 ml) was added to a solution of the intermediate 25 (0.2g) in dry 
acetonitrile (4ml) under a nitrogen atmosphere. The mixture was stirred at 0° for 30min, 
30 then petroleum ether was added and stirring was continued for Ih. the solid was filtered 
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off, washed with 3/1 mixture petroleum ^her/ethyl ether (15 ml ) to give the titie 
compound asawfaite solid (0.22g). Tic. CH-EA(1:1). Rf 0.63. IR:33I0(NH). 
1717.1668 and 1641 (C=0), cm-1; 'H-NMR :7.44-7.35 (m); 7.32(t); 7.25-7.16 (m); 7.1 
4(m);7.03 (m); 6.92(d); 6.41(d); 5 Jl (d); 4.52(ra); 3.62(m); 1.60- 1.40 (m); 0.89(d); 
5 0.87(d). 

EXAMPLE 11 

>J-pK-Htchlnro-2-4-Dinyn-W3-mer hvlhut-l-vn-5-nhenvl-2.3.4.S- 
tPinihvdro-lH-1 , ^Aenzodiaze p'n-3-vn-N'-phenvlurea 

10 Phenyl isocyanate (0.09ml) was added to a solution of the intermediate 30 (0.19g) in dry 
acetomtrile (2.5ml) under a nitrogen atmosphere. The mixture was stirred at 0" for 
20min, then evaporated to dtyeness and the resulting solid solid triturated with l/l 
mixture petroleum ether/ethyl ether (10ml) at O'C for Ih, filtered ofi^ washed with 1/1 
mixture petroleum ether/ethyl ether (15 ml) to give the title compound as a white soKd 

15 (O.I5g). TJ.C. CH-EA(1:1), Rf 0.6. IR :3375 (NH), 171 1,1684 and 1655 (C=0), I 599. 
1547 9 OC) cm-l; 'H-NMR :7.5 1 (s); 7.46-7.32(m); 7.28- 7.14 (m); 7.05 (s); 
7.06-7.00 (m); 6.40(d); 5J1 (d); 4.50m); 3.56(m); 1.60-1.40 (m); 0.89(d); 0.86(d). 

EXAMPLE 12 

20 N-f24-Dtoxo-R-Fhion>-l-n -methvlbut-l-vlVS-Dhenvl-2.3A5- 
tj.trahvHm-lH-l.S-h '^n-^ia^pin-'^-vn-N'-phenvlurea 

Phenyl isocyanate (0.1ml) was added to a solution of the intermediate 35 (0.2g) in dry 
acetonitrile (2.5ml) under a nitrogen atmosphere. The mixture was stirred at 0" for 
30min, then diethyl ether (5 ml) was added and stirring continued for Ih. The resulting 
25 solid was filtered off, washed with 1/1 mixture petroleum ether/ethyl ether (lOml ) to 
give the title compound as a white solid (0.25g). T.l.c. CH-EA(l:l), Rf 0.53. IR 
:33 12(NH), 1718,1670(C=0). 1639, 1605 ( C=C) cm-I; 'H-NMR :7.44-7.36 (m); 
7.32(t); 7.30-7.10(m); 7.06-6.9 (m); 6.35(d); 5.33 (d); 4.52(m); 3.62(m); 1.60-1.40 (m); 
0.90(d); 0.87(d). 



30 
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EXAMPLE 13 

N-.r-2.4-Dioxo-5-Dhenvl - 1 -r2->phenvlethvlV2,3.4.5-tetrahvdro- 1 H- L5- 
ben2odiazepin-3-vl]«N«phenvlurea 

Phenyl isocyanate (0. 1 ml) was added to a solution of the intermediate 38 (0.3g) in diy 
5 acetonitrile (ISml) under a nitrogen atmosphere. The mixture was stirred at 23° for Ih, 
EE (30ml) was added and the formed precipitate was stirred for 45 min at (f. The 
precipitate was filtered, washed with diethyl ether (25ml) to give the title compound as a 
white solid (0.27g). T.l.c. CH-EA (1:1). 11^0.45. IR: 3310 (NH), 1707, 1678 (C=0); 
1643, 1603, 1556 (OC) cm"*; »H-NMR: 7.428 (dd), 7.36-7.27 (m), 7.27-7.12 (m), 
10 7.07-6.94 (m), 6,484 (d). 5.361 (d), 4.78-4.66 (m), 3.98-3.86 (m), 2.927 (m). 

EXAMPLE 14 

N-fl>(l-Adamantvnmethvl-2.4-dioxo-5-phenvl-2.3,4.5-tetrahvdro-lH- 
1 . 5-benzodiazeDin-3 -vll-hT-phen vlurea 

15 Phenyl isocyanate (0.039ml) was added to a solution of the intermediate 41 (0. 13g) in dry 
acetonitrile (7ml) under a nitrogen atmosphere. The mixture was stirred for 1 .5 hrs and 
the formed precipitate was filtered washing with acetonitrile (3ml) to give the title 
compound as a white solid (0.085g). T.l.c. CH-EA (1:1), RrO.23. IR: 3294 (NH), 1717, 
1705, 1680 (C=0); 1643 («) cm '; 'H- NMR: 7.5-6.96 (m), 7.08 (bs), 6.50 (d), 5.3 1 

20 (d), 4.49 (d). 3.37 (d), 1.84 (m), 1.6-1.3 (m). 

EXAMPLE 15 

N-[ 1 >f 2.2-DimethvtethoxvcarbonvlmethylV2,4-dioxo-5-phenvl-2,3.4.S- 
tetrahvdro- 1 H« 1 . S-benzodiazepin-S-vlVN'-phenvlurea 
25 Phenyl isocyanate (0.091ml) was added to a solution of the intermediate 44 (0.244g) in 
dry acetonitrile (16ml) under a nitrogen atmosphere. The mixture was stirred at 23° for 
2h, dichloromethane (30ml) was added and the organic layer was washed with brine 
(2x1 0ml), dried and concentrated "in vacuo*'. The crude product was purified by flash 
chromatography (eluting with DCM-methanol 98:2), to give the title compound as a* 
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white solid (0232g). T.lx. DCM- methanol (95:5), Rf=O.S. IR: 3431. 3395 (NH), 1745. 
1684 (C=0) cm-'; 'H-NMR: 7.4-6.95 (m), 7.1 (bs), 6.5 (d), 5.45 (d). 4.61 (dd). 1.40 (s). 

EXAMPLE 16 

5 >J-rW3J-DimethvniirtvlVZ4- Hinvft-S-pheiivl-2.3.4.5-tetrahvdro-lH- 
1 'j-henzodiazeoiP -l-yll-N'-phen^^urea 

Phaqrl isocymsxe (0.067ml) Was added to a solution of the intennediate 47 (0. 190g) in 
dry acetonitrife (10ml) under a nitrogen atmosphere. The nrixture was stirred at 23° for ih 
and the formed precqritate was filtered wadnng with acetonitrile (3ml). to give the 
10 compound as a white soUd (o'.198g). T.Lc. CH-EA(1:1). RrO.57. IR: 3431, 3350 (NH), 
1745. 1668 (C=0) 1599 (C=C) cm"'; 'H- NMR: 7.48-7.26 (m), 7.26-7.14 (m), 7.04-6.96 
(m), 6.523 (d), 5.352 (d), 4.511-4.409 (m), 1.467 (t). 0.915 (s). 

EXAMPLE 17 

15 N-f2.4-Dioxo-l-<'2-hvdroyv-3-methvlb utvl'>-5-ohenvl-2.3.4.5- 
tetrahvdro-lH-l -5-benzodia2epin-3-vlV N'-phenvlurea 

To a solution of intermediate 63 (0.12g) in methanol (20ml) and water (3ml), sodium 
boio hydride (1.5g) was added portionwise at 0°, maintaining the pH at 7-7.5 by adding a 
IM solution of hydrodiloTK add. During the reaction, forther methanol was added. The 

20 reaction mixture was stirred for 1 hr. then concentrated, (Uluted vnth etiiyl acetate 

(100ml) and washed with biine (3x70ml), dried and concentrated "in vacuo". The crude 
product was dissolved in dkiAiyl etiter (Sml) and predpitated with petroleum ether (10ml), 
to give the title compound as a white soUd (0.07g). T.l.c. CH-EA. (1:1), RrO.36. IR: 
3337 (NH, OH). 1701, 1647 (C=0); 1597. 1553 (C=C) cm '; 'H-NMR: 7.6-6.65 (m), 

25 5.37 (d), 5.35 (d). 3.92 (bm), 3.48 (bm). 4.50 (dd), 3.80 (dd). 4.34 (dd), 3.57 (dd), 2.50 
(bm), 1.58 (m). 0.93- 0.87 (m). 



30 



EXAMPLE 18 

N-ri-f3.3-Dimedivlbutvn-2.4-cUoxo-5-phenvI-2.3.4.5-tetrahvdro-IH- 
1 S-ben2odiazepin-3-vn-N'-n-trifluoro methoxvphenvnurea 
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A solution of 3-trifluoromethoxyphenylamine (0.047g) and intermediate 48 (0. lOOg) in 
dichloromethane (Sml) were stirred for 20h at 23^ under a nitrogen atmosphere, then 
concentrated "in vacuo". The crude product was triturated with acetonitrile (2ml) to 
obtain the title compound as a white solid (0.067g). T i c. CH-EA (60:40), Rf=0.57. IR: 
5 3317 (NH), 1717, 1650 (C=0); 1609, 1558 (C=C) cm ^ ^H-NMR: 7.53 (bs). 7.46 (dd), 
7.45-730 (m), 7.30-7.18 (m). 7.10 (t), 7.00 (dd), 6.88 (m), 6.77 (m), 6.66 (d), 5.35 (d), 
4.44 (m), 3.70 (m), 1.54-1.42 (m), 0.91 (s). 

EXAMPLE 19 

10 N>rU3.3>DimethvlbutvlV2.4-dioxo-S-phenvl> 2J.4.S>tetrahvdro-lH^ 

L5-benzodiazepin-3-vl]-N-(3-cvanophenyl>urea 

A solution of 3-cyanophenylamine (O.llSg) and intermediate 48 (0.339g) in 
dichloromethane (lOml) were stirred for 5h at 23® under a nitrogen atmosphere, then 
concentrated "in vacuo". The crude product was triturated with acetonitrile (Sml), filtered 
15 and washed with acetonitrile (3m]) to obtain the title compound as a white solid (0.2 16g). 
Tic. CH-EA(1:1X RrO.55. IR: 3319 (NH), 2230 (C=N). 1711, 1647 (C=0); cm'^ 
•H-NMR: 7,91 (bs), 7.52-7.30 (m), 7.30-7.12 (m), 7.01 (dd), 6.88 (d), 5.34 (d), 
4.52-4.38 (m), 3.80- 3.68 (m), 1.51 (m), 0.91 (s). 

20 EXAMPLE 20 

N-fW3-3-DimethvlbutvlV2-4-dioxo-5-phenvl-2.3,4.5-tetrahvdro-lH- 
l.S-benzodiazepin-3-vn-K-f3-methvlthiophenvl>urea 

To a solution of the intermediate 49 (0.20g) in dry DMF (Sml), 3- methylthiophenylamine 
(0.218ml) was added and the reaction mixture was stirred for 4h at 120°, under a nitrogen 

25 atmosphere. Ethyl acetate (50ml) added and the solution washed with water (2x25 ml), 
and brine (25ml), dried and concentrated "in vacuo". The crude product was triturated 
with acetonitrile (4ml) to obtain the title compound as a white solid (0. 1 1 5g). T.l.c. 
CH-EA (1:1), R/=0.62. IR: 3300 (NH), 1705, 1674, 1641 (C=0); 1607 (C-C) cm*'; 
^H-NMR: 7.48- 7.10 (m), 7.02-6.90 (m), 6.82 (s), 6.30 (d), 5.30 (d), 4.46 (m), 3,70 (m), 

30 2.44 (s), 1.48 (t), 0.93 (s). 
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EXAMPLE 21 

]vf-f 1 -n 3-DimethvlhntvlV2.4-dinxo-S-Dhenvl-2.3.4.5-tetrahvdro- IH- 

I ^ «;.hpnTnrfia» yin-3-Y«l->r-^3-N.N -^iniethvlaiTunoDhenvnurea 
5 To a solution of the intermediate 49 (0.20g) in dry DMF (8ml), 3- 

N^N-dimethylaminophenylamine hydrochloride (O.lTTg) and triethylamine (O.llSml) were 

added and the reaction mixture was stirred for 4h at 120', under a nitrogen atmosphere. 

Ethyl aceate (50ml) added and the solution washed with water (2x25ml) and brine (25ml), 

dried and concentrated "in vacuo". The crude product was purified by flash 
10 chromatography (eluting with CH-EA 60:40), then triturated with a mixture of ethyl 

acetate and petroleum ether to obtain the title compound as a winte solid (0.076g). T.Lc. 

CH-EA (1:1), Rr0.31. IR: 3500 (NH), 1794, 1707, 1666 (C=0); 1607 (C=C) cm"'; 

'H-NMR; 7.46-7.10 (m). 6.99 (dd). 6.82 (t), 6.60 (m), 6.46 (m), 6.53 (bs), 6.3 1 (d), 5.31 

(d). 4.47 (m), 3.69 (m), 2.94 (s), 2.93 (s), 1.47 (m), 0.94 (s). 

15 

EXAMPLE 22 

N-fl-f2-fl»Adamantvl'>ethvn-24-dioxo-S -phenvl-2.3.4S-tetrahvdro- 
1T^-^ , <;^enmdiazeDin-3-vl1->r-n-N.N -dimethvlaminoDhenvl>urea 
To a solution of the intermetfate 50 (0.12g) in dry DMF (2ml), 3- 

20 N,N-dimrtlQrlaminophenylamine (^hydrochloride (0.084g) and triethylamine (0. Iml) were 
added and Ae reaction nuxture was stirred for 9h at 120', under a lutrogen atmosphere. 
Ethyl acetate (50ml) added and the sohition wa^ed with a saturated solution of 
ammonium chloride (50ml) and brine (3x50ml), dried and concentrated "in vacuo". The 
crude product was triturated with acetonitrile (lOral) to obtain the title compound as a 

25 white soUd (0.030g). T.l.o. CH-EA (1 : 1), IV=0.37. IR: 3373 (NH), 1707. 1682, 1 660 

(0=0); 1595 1580 (C=C) cm '; 'H-NMR: 7.45-6.35 (m), 734-7.26 (m). 7.22- 7.15 (m), 
7.116 (t), 6.978 (dd). 6.740 (bs). 6.563 (dd). 6.44 (dd). 6.418 (d), 5.3 14 (d). 4.523-4.420 
(m), 3.721-3.621 (m). 2.91 1 (s), 1.936 (bs), 1.672 (bq). 1.500 (d), I J32 (t). 

30 EXAMPLE 23 
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N4W2J-Dimethvnbutvl-2.4-dioxo-5-Dhenvl>2.3,4.5-tctrahvdro-lH- 
1 .S-benzodiazepin-S-vl V^f-phenvl^rea 

Phenyl jsocyanate (0.03inl) was added to a solution of the intermediate 56 (0.087g) in dry 
acetonitrile (3ml), at 0^, under a nitrogen atmosphere. The mixture was allowed to stand 
5 at 23^ and stirred for Ih, then petroleum ether was added and the formed precipitate was 
stirred for 4h, filtered and washed with petroleum ether. The precipitate was triturated 
with a mixture petroleum* ether/diethyl ether (1:1; 10ml) for 1 hr and filtered to give the 
title compound as a white solid (0.08g). Tic. CH-EA (1:1), Rf=0.49. IR: 3300 (NH), 
1707, 1641 (C=0); 1558, 1541 (C=C) cm '; 'H- NMR: 7.46-7.10 (m), 6.9 (m), 6.4 (m), 
10 . 5.32 (d), 5.29 (d), 4.61 (dd), 4.48 (dd), 3.60 (dd), 3.42 (dd), 1.8 (m), L4 (m), 0.86 (d), 
0.80 (d), 0.77 (d), 0.75 (d), 0.73 (d), 0.70 (d). 

EXAMPLE 24 

N-ri>Butvl-2.4>dioxo-5-phenvU2-3.4.5->tetrahvdro-lH-L5- 

15 benzodiazepin-3-vlVN''phenvlurea 

Phenyl isocyante (0.04ml) was added to a solution of the intermediate 59 (0.09g) in dry 
acetonitrile (lOml), at 23^, imder a nitrogen atmosphere. The mixture was stirred for 3h, 
dicMoromethane (30nd) added and the soludon washed with water (50mIX purified by 
filtration on a pad of silica (duting with DCM), to give the title compound as a white 

20 solid (O.lg). T.Lc. DCM-methanol (95:5), 0.65. IR: 343 1 (NH), 1707, 1670 (C=0); 
1599 (C=C) cm-1; 'H-NMR: 7.4- 7.00 (m), 6.66 (bs), 6.22 (d), 5.3 (d), 4.55 (m). 3.7 (m), 
1.53 (m), 1.3 (mX 0.88 (t). 

EXAMPLE 25 

25 N-f2.4-Dioxo-5-phenvM>f3-methvlbut-l-vlV2.3,4.5-tetrahvdro-lH> 
L5-bcnzodiazepin-3-vl]-N-phenvlurea 

Phenyl isocyanate (0.08ml) was added to a solution of intermediate 66 (0.206g) in dry 
ac^onitrile (12nil) imder a nitrogen atmosphere. The mixture was stirred at 23*^ for 1 h, 
then dichloromethane was added until complete dissolution of the precipitate. The organic 
30 layer was separated, wa^ed with brine (3x20m]) dried and concentrated in vacuo to give 
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the crude compound (0.3g) which was purified by flash chromatography ( eluting with 
DCM-methanol 98:2) to give the title compound as a white solid (0.06g). T.I.C. DCM- 
methanol (95:5). Rf 0.87. ffi. : 3440-3350 (NH). 1701 and 1680 (CO), 1616 and 1599 
(OOcm-l; 'H-NMR:7.44-7.16(m);7.00(m); 6.4(m); 5J3(d); 4.53(m); 3.68 (m); 
5 1.6-1.4 (m); 0.89(d); 0.86(d). 

EXAMPLE 26 

r+V.K-r^4-Dioxn-5-nhenvl-l-f3- niethvlbut-l.vlV2.3.4.5-tetrahvdrQ- 
1H-1 ■5-benzodiaze!Piii-3-^ -N'-phenvlurea 

10 phenjdisocyanate (0.15ml) was added to a solution ofintermediate 70 (0.42g) in dry 
acetonitrile (20ml) under a nitrogen atmosphere. The mixture was stirred at 23" for 
lh,then the precipitate was filtered oflFand washed with acetonitrile (10 ml) and dried to 
give the title compound as a white soHd (0.52g). [alpha]D=><-l 16. T.l.c. DCM-methanol 
(95:5X Rf 0.87. IR : 3308 (NH) ;1703-1674 (C=0), 1645 and 1601(C=C) cm-1; 

15 'H-NMR :7.5-7.1 (m); 6.98 (m); 6.58(d); 5.34(d); 4.53(m); 3.68 (m); 1.58-1.4 (m); 
0.87(d); 0.84(d). 

T?XAMPLE27 

r+VN-r2 4-Dioxo-5-f2-fluorophenvlVl-<'3-meth vlbut-l-vlV2 3 4 S-tetrahvdro-lH- 

20 1 S-henzodiazep!n-3-vll-N'-r3-fNN-dimeth vlaininotehenvllurea 

3-(N,N-Dimethylamino)pheiQrl isoc^ate ) (0.257g) was added to a solution of the 
intermediate 72 (0.47g) in dry acetonitrile (lOmI) und«- a nitrogen atmosphere. The 
reaction mixture was stirred'at 23" for Ih and the formed precipitate was filtered to give 
tiie title compound as a white solid (0.58g) in enantiomeric ratio (+)/(-)=93/7. A sample 

25 was purified by HPLC to give the pure title compound . M.p. 252-3. T.l.c. CH-EA (1:1), 
Rf 0.50. [alphalD=<-109.6. IR (nujol):3420 (hfH). 1717,1701,1690 and 1649 (C=0). 
1616 and 1560 (C=C) cm-1; IH-NMR : 7.45 (dd); 7.42-7.28 (m); 7.25-7.1 (m); 6.98 
(dd); 6.82 (t); 6.60 (m); 6.45 (dd); 6.356 (d); 5.36 (d); 4.52- 4J8 (m); 3.80-3.60 (m); 
2.92 (s); 1.66-1.4 (m); 0.90(d); 0.89(d). 



30 
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EXAMPLE 28 

N-[ 1 -( Adamant-2-vlV2.4-dioxo-S>phenvl-2.3,4.S-tetrahvdro- 1 H- L S-benzodiazepin-3-vl V 
N'"f3"fN.N"dimethvlaminophenvl)lurea 

Triethylamine (0,065ml) and 3-dimethylaminoaniline dihydrochloride (0.049g) were 
5 added to a solution of the intermediate 76 (0. Ig) in dichloromethane (SmI) under a 
nitrogen atmosphere. The solution was stirred at 23 for 3h, then concentrated in vacuo 
and purified by flash chromatography (eluting with CH-EA 1 : 1) to give the title 
compound f 0.052g> as a white solid. T.l.c. DCM-methanoI (95:0.5), Rf 0.72. IR : 3300 
(NH), 1713 and 1676 (C=0), 1637 and 1610 (C-C) cm- 1; IH-NMR : 7.4-7.1 (m); 6.99 
1 0 (m); 6.80 (t); 6.62 (m); 6.56 (dd); 6.45 (dd); 6.3 1 (d); 5.3 1 (d); 4.52 (m); 2.91 (m); 2.32 
(m); 2.0-1.1 (m). 

EXAMPLE 29 

N-(2-cvclopentvl-ethvlV2.4-dioxo-5-f 2-fluorophenyn-2 .3.4. 5-tetrahvdro- 1 H- L 5- 

15 benzodiazepin-3-vn-N*-phenvlurea 

Phenyl isoq^ate (0.044ml) was added to a solution of the intermediate 79 (0. 1 54g) in 
acetonitrile (5ml) under a nitrogen atmosphere. The mixture was stirred at 23° for Ih; the 
obtained solid was filtered and washed with ac^otiitrile ( 2 ml ) to give the the title 
compound (0.163g) as a white solid. Mp 255-257*^ T.Lc.CH-EA (1:1), Rf 0.58 . IR : 

20 3400 (NH), 1718 and 1650 (C=0), 1600 (C=C) cm-1; IH-NMR : 7.46 (dd); 7.4-7. l(m); 
7.0(t); 6.98(d); 6.52 (d);5.38(d);4.44(m); 3.66 (m); 1.84-1,40 (m); 1.20-1.00 (m). 

EXAMPLE 30 

N-[ 1 -f 2-cvclopentvi-ethvlV2.4-dioxo-S-(2-fluorophenvn-2. 3.4.5-tetrahvdro- 1 H-1 .5- 

25 benzodiazepin-3-vl'|-N'-|'4- fdimethvlamino')phenvl'|urea 

Triethylamine (0. 184ml) and 4-(dimethylamino)aniline (0. 138g) were added to a solution 
of the intermediate 80 (0.270g) in dry dichloromethane (50ml) under a nitrogen 
atmosphere. The solution was stirred at 23° for 4h, then diluted with dichloromethane 
(20m 1) and washed with water (20ml), 5% HCI solution ( 20ml ), water ( 20ml )and brine 

30 (1 5ml). The organic layer was dried, concentrated in vacuo, and the residue was purified 
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by flash chromatography (duting with DCM-methanol 95:5) to give the title cQmpound 
(0.077g) as a whitesoUd. T.l.c. DCM-methanol (9:1), Rf 0.81. IR : 3304 (NH). 
1718-1641 (C=0). 1605-1549 (C=C)cm-l; IH-NMR: 7.46(dd); 7.40-7.10 (m); 6.98 
(dd); 6.68 (d); 6.28 (bs); 6.07 (d); 5 J2 ( d ); 4.41 ( m ); 3.66 (ra); 2.91 (s); 1.84-1.00 
5 (m). 

EXAMPLE 31 

W-f 1-micvclo r2.2.1 V5-heptaie-2-vlmtAh^V2. 4-diQxo-5-ohenvl-2.3.4.5-trtrahvdro- 

10 PhenyUsocyanate (0.026ml) was added to a solution of the intermediate 83 (0.074g) in 

diy acetonitrile (5ml) and the nuxture was stirred at 23', under mtrogen, for I h. 

Didiloromethane (50mi) was added until complete dissolution of the precipitate, thai the 
. solution was washed with brine (20nil), dried and concentrated in vacuo. The residue was 

triturated with diethyl ether to give the title compound (0.0521g). as an off-white solid. 
15 M.p. 184-6 C. T.Lc. (CH-EA 7:3) 0.32. IR:3308 (NH), 1715-1670 (C=0), 

1639-1599 9C=C); IH-NMR: 7.5-7.0 (m); 6.84 (bs); 6.80 (bs); 6.33(d); 6.3 1 (d); 

6.18-6.10 (m); 6.12-5.96 (m); 5.90-5.84 (m); 5.64-5.60 (m); 5.32 (d); 5.29 (d); 4.64 (ra); 

4.4-4.2 (m); 3.8 (m); 3.45-3.30 (m); 2.80 (bs); 2.74 (bs); 2.6-0.60 (ra). 

20 EXAMPLE 32 

M-[l-rRiCTclo r2.2. l')-S-heptene-2-vlmeriwlV2 4-diQxo-5-nhenvl-2.3.4.5-tetrahvdro- 

lH-1.5-benzodiazepin-3-vn-N'-n-nitrophenvn-urea 
To a solution of the intermediate 83 (0.072g) in dry acetonitrile (10ml) 
3-nitrophenylisoqranate (0.048g) was added and the mixture was stirred at 23° , under 
25 nitrogen, for 1 h. The resulting precipitate was filtered, washed with diethyl ether, and 
dried to ^ve the title compound (0.0712g). M.p. 195-7 C. 
T.1.C (CH-EA 7:3) RrO.24. IR : 3300 (NH); 1713 (C=0); 1651 (C=0); 1556 
(C=C)cm-l. IH-NMR : 8.26-6.92 (m ); 6.13- 5.58 (m);5 J4-5.25 (m); 4.70-3.83 (m); 
2.80-0.45 (m). 



30 
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EXAMPLE 33 

N-fl-fBicvclo r2.2.1V2'heDtvlmethvlV2.4>dioxo-5-phenvl-2J.4J-tetrahvdro-lH-l.5- 
benzodiazepin>3vlVN'-phenvlurea 

Phenylisocyanate (0.03ml) was added to a solution of the intermediate 84 (0.088g) in dry 
5 acetonitrile (lOmI) and the mi?cture was stirred at 23° , under nitrogen, for 1 h. The 
' resulting precipitate was filtered^ washed with diethyl ether and dried to give the title 
compound (0.0858g) as a white solid. M.p, 255-^Mlc. (CH-EA 7:3) R^O.29. IR: 
3400-3200 (NH ), 171 1 and 1705 ( C=C ); IH-NMR: 7,50-7.10 (m),7.02 (m), 6 38 
(mX6.91 (bs), 6.42- 6.34 (m), 5.35-5.27(mX 4:71-4.61 (dd), 4.48 (dd), 4.38 (dd), 3.65 
10 (dd), 3.59 (dd)3.37 (dd), 3.55 (dd), 2.3-0.50 (m). 

EXAMPLE 34 

N-f 1 -fBicvclo r2.2. 1 V2-heptvlmethvn-2.4-dioxo-5-phenvl-2.3 .4. 5-tetrahvdro- 1 H- L 5- 

benzodiazepin-3 vll-hT-f 3 -methoxyphenvlurea 
15 To a solution of the intermediate 84 (0.0883g) in dry acetonitrile (lOml) and the mixture 

was stirred at 23° under nitrogen, for Ih. The resulting precipitate was filtered, washed 

with diethyl ether and dried to give the title compound (0.0858g) as a white solid. M.p. 

255-6°. T.lc. (CH-EA 7:3) Rf 0.29. IR: 3400-3200(NH), 171 1 and 1705 (C=C); 

*H-NMR: 7.5.6.9(m); 6,75-6.69(m); 6.60^.55(m); 6.44(m); 5.31(m); 4.71^.62(m); 
20 4.49(dd) 4.38(dd); 3.75(s); 3.65(dd); 3.59(dd); 3.56(dd); 3.38(dd); 2.25-0.6(m). 

Example 35 

Nrri4Bicvclor2.2.11-2--heptvn-2.4-dioxo-5-phenvl-2.3.4.5-tetrahvdro-lH-1.5- 
ben2odiazepin-3-vn-N'-phenvlurea 

25 Phenyl isocyanate (0.056ml) was added to a solution of the intermediate 87 (0. 1 5g) in dry 
acetonitrile (5ml) under a nitrogen atmosphere. The mixture was stirred at 23® for Ih, 
then filtered. The solid obtained was washed with diethyl ether and dried in vacuo to give 
the title compound as a white solid (0. 12g). M.p. 267-8^ T.l.c. CH.EA( 1:1), Rf 0.62. 
IR :3300 (NH), 1705, 1678 and 1645 (C=0), 1599 and 1556 (C=C) cm-1; »H-NMR 

30 :7.46-7.12 (m); 7.026-6.94 (m); 6.423 (d); 6.436 (d); 5.328 (d); 5.321 (d); 4.5-4.4 (m); 
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3.459 (s); 2.637 (s); 2.396 (m); 2.180 (m); 1.958 (m); 1.6 (m); 1.54-1.38 (m); 1 J8-1.I 
(m); 0.99 (m); 0.864 (m). 

Example 36 

5 >f4l-f2-AdamantvlmethvlV2 4-diQxo-5-pb envl-2.3.4.S-tetrahvdro-lH-l.S4?enzodia^^^ 
3-yl]-N'-phenvIureit 

Phenyl isocyanate (0.063ml) was added to a solution of the intermediate 90 (0.2g) in dry 
acetorattile (Sml) wider a nitrogen atmosphere. The mixture was stined at 23" for Ih, 
thai filtered. The solid obtMned was washed with diethyl ether and dried in vacuo to give 
10 th e title compound as a white soBd (0.22g). M.p. 192-3° TJ.c. CH-EA (1:1), Rf 0.73. 
m. :3306 (NH). 1717 and 1701 (C=0). 1643 and 1620 (C=C) cm-1; 
'H-NMR :7.5-7.14 (m); 7.00 (m); 7.049 (m); 6.47 (d); 5.33 (d); 5.05 (m); 3.59 (m); 2.02 
(m); 1.84-1.36 (m). 

15 EXAMPLE 37 

M.fi^l-;^ ^ainantvlm ethvn-2.4-dioxn-5-Dhenvl-2.3 -4S-tetrahvdro-lH-1.5-benzodiazepin- 
3-yr)-N'-(3-<nethoxvDhenvltorea 

34»ifethO}^henyI isocyanate (0.066m]) was added to a solution of the intermediate 41 
(0.2g) in dry ac^onitrile (10ml) under a nitrogen atmosphoe. The mbOure was sttrred at 

20 23° for 16h, then (Shited with dichloromethane (15ml) and washed with brine (ISml). The 
organic solution was dried, concentrated in vacuo and the readue was purified by flash 
diromatography (duting wtii CH-EA 2: 1); the solid obtained was fiirther purified by 
trituration with diethyl ether to give the title compound a s a white solid 
(0.2g) . M.p. 267-8°. T.I.C. CH-EA (2:1), Rf 0.2. IR :3302 (NH). 1713,1674 and 1641 

25 (C=0), 1612 and 1558 (C=C) cm-1; IH-NMR :7.492 (dd); 7.45-7.35 (m); 7.35-7.25 
(m); 7.162 (m); 7.120(t); 7.041 (t); 6.992 (dd); 6.904 (s); 6.738(m); 6.578 (m); 6.413 
(m); 5.292 (d); 4.496 (d); 3.744 (s); 3.382 (d); 1.857 (s); 1.66-1.32 (m). 

EXAMPLE 38 

30 
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N,fl-(l-AdamantvlmethvlV2.4-dioxo-S-phenvl-23.4.5-tetrahvdro-lH-L5-benzodi^ 
S-viyhr-O-methvlphenvnurea 

3-Methylphenyl isocyanate (0.064ml) was added to a solution of the intermediate 41 
(0.2g) in dry acetonitrile (10ml) under a nitrogen atmosphere. The mixture was stirred at 
5 23° for Ih, then dOuted with dichloromethane (1 5ml) and washed with brine (15ml). The 
organic solution was dried, concentrated in vacuo and the residue was triturated with 
diethyl ether to give the title compound as a white solid (0.2g). M.p. 244-6^. T.I.C. 
CH-EA(2:1), Rf 0.32. IR :3300 (NH), 1715 and 1672 (C«0), 1645 and 1616 (C=C) 
cm-l; IH-NMR :7.493 (dd); 7.45-7.35 (m); 7.35-7.25 (m); 7,21-7.15 (m); 7.135 (t); 
10 7.034 (m); 6.992 (dd); 6.854 (m); 6.751 (s); 6.318 (d); 5.293 (d); 4.498 (d); 3.384 (d); 
2.287 (s); 1.865 (s); 1.68-1.3 (m), 

EXAMPLE 39 

N-f 1 '( 1 - AdamantvlmethvlV2.4-dioxo-5-phenvl-2.3 .4. 5-tetrahvdro- 1 H- L 5-benzodiazepin- 

15 S-vll-hr-fS-nitrophenvHurea 

A solution of 3-nitrophenyl isocyanate (0.082g) in dry acetonitrile (8ml) was added to a 
solution of the intermediate 4 1 (0.2g) in dry acetonitrile ( 1 0ml) under a nitrogen 
atmosphere. The mixture was stirred at 23^ for 2h, then diluted with dichloromethane 
(15ml) and washed with brine (15ml). The organic solution was dried, concentrated in 

20 vacuo and the reridue was triturated with diethyl ether to ^vc the title compound- as a 
white solid (0.229g). M.p. 213-5^ T.l.c. CH-EA (2:1), Rf 0.33. IR :3296 (NH), 1713 
and 1645 (C=0), 1597 (C=C) cm-l; IH-NMR :8.25 (s); 8.15 (t); 7.64 (m); 7.52 (dd); 
7.45 (m); 7.36-7.29 (m); 7.24-7.17 (m); 7.13 (t); 7.06 (d); 7.02 (dd); 5.27 (d); 4.51 (d); 
3.40 (d); 1 .86 (s); 1 .66-1 .34 (m). 

25 

EXAMPLE 40 

N-(^ 1 -f 1 >Adamantvlmethvn-2>4-dioxo-S-phenvl-2.3 .4. 5-tetrahvdro- IH- 1 ,5-benzodia2epin- 
3- vIl-N -D-bromophenvnurea 

3-Bromophenyl isocyanate (0.063ml) was added to a solution of the inteimediate 4 1 
30 (0.2g) in dry acetonitrile ( 1 0ml) under a nitrogen atmosphere. The mixture was stirred at 
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23" for Ih, then filtered. The solid obtained was washed with diethyl ether to give the 
thle compound as a white soUd (0.25g). M.p. 254-6°. T.Lc. CH-EA (2:1), Rf 0.53. IR 
:3290 (NH), 1717 and 1672 (C=0) cm-l; IH-NMR :7.56-7.15 (m); 7.03-6.88 (m); 6.99 
(dd); 6.93 (dd); 6.73 (d); 5.29 (d); 4.49-3.38 (m); 1.83 (m); 1.64-1 JO (m). 

5 

EXAMPLE 41 

V-ri-/'t.Adainant<^ethvn-2.4-dioxo-S-phaivl -2.3.4.5»tetrahvdro-lH-1.5- 
hen«Miia2epin-3- vn -N'-f3-ethoxvcaTfaonvIphenvlVirea 

3-Nitrophenyl isoqranate (0. Ig) was added to a solution of the intermediate 41 (0.415^ 
10 in dry acetonitrile (13nil) under a nitrogen atmosphere. The nmaure was stirred at 23* 
for Ih, then diluted with dichloromethane (20ml) and washed with brine (20nil). The 
organic solution was dried, concentrated in vacuo and the residue vras triturated with 
diediyl ether to give the title compound a s a white soUd (0.407g). M.p. 246-8*'. T.I.C. 
. CH-EA (2:1). Rf 0.37. IR :1709, 1690 and 1670 (C=0) cm-l; IH-NMR : 7.93 (t); 
15 7.64-7.50 (m); 7.44-7.39 (m); 7.38 (s); 7.35-7.27 (m); 7.24- 7. 14 (m); 6.89 (dd); 6.58 (d); 
5.31 (d); 4.50 (d); 4.34 (m); 3.38 (d); 1.85 (m); 1.61-1.51 (m); 1.45-1.37 (m); 1.35 (t). 

EXAMPLE 42 

N-ri-n-Adamanlvlm ethvlV2 4-diaxo-5-phenvl-2.3.4.5-tetrahvdro-lH~1.5- 

20 hftn?;9^iarepin-3-vn-N'-[3-(N.N-dimethvlamino'>phenvnurea 

A solution of 3-(N,N-dimethylanuno)phenyl isoqranate (0.122g) in dry acetonitrile (7ml) 
was added to a solution of the intermediate 41 (0.2g) in dry acetonitrile (7ml) under a 
nitrogen atmosphere. The mixture vras stirred at 23° for 30min, then diluted with 
dichloromethane (20ml) and washed with brine (20ml). The organic solution was dried, 

25 concentrated in vacuo and the residue was triturated with diethyl ether to give the title 
compound as a white solid (0.221g). M.p. 263-5" T.l.c. CH-EA (1:1), Rf 0.52. IR :3300 
(NHX 1717 and 1674 (C=0) cm-l; IH-NMR : 7.48 (dd); 7.45- 7.24 (m); 7.19-7.10 (m): 
6.98 (dd); 6.93 (dd); 6.61 (s); 6.58-6.45 (m); 6.38 (d); 5.29 (d); 4.49-3 J7 (m); 2.92 (s); 
1.87 (m); 1.63- 1.53 (m): 1.44-1.34 (m). 
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EXAMPLE 43 

N-r 1 4 1 - Adamantvlmethvl V2.4^ioxo-S-phenvl-2.3 .4. 5-tetrahvdro- 1 H- 1 . 5- 
benzodiazepine 3-vn-N*-f3-carboxvphenvl'hirea 

An aqueous O.IM solution of litluum hydroxide (6.6m]) was added to a solution of 
5 Example 41 (0.2g) in THF (ISml) previously cooled to 0^ The solution was stirred at 23° 
for 16h,then heated to 60*^ for Ih and to S(f for 13h. The solution was cooled to 23^ 
neutralized with acetic add, concentrated in vacuo and the reisidue purified by flash 
chromatography (duting in gradient from CH-EA 3: 1 to DCM and finally to 
DCM-^MeOH 10:1) to give the title compound as a i^te solid (0. 183g), still containing 

10 traces ofinorganicsaltsA sample was further purified by dissolution in DCM and 

washing with 10% hydrochloric add; the organic layer was dried, concentrated in vacuo 
• and the residue triturated with diethyl ether to give the pure title compound . M.p. 
260-70°(dec). TJ.c. EA, Rf 0.64. IR: 3354 (NH and OH),m 1701 and 1684 (C=<)) cm-'; 
'H-NMR: 9.21(s); 7.9-7.8(m); 7.6-7. 16(m); 7.0- 6.9(m); 4.99(d); 4.30(d); 3.60(d); 

15 1.83(s); 1.65-1.2(m). 

EXAMPLE 44 

N 41-fAdamantahmethvlV2.4-dioxo«7-fluoro-5f4-fluoroDhenvlV2.3^4.5"tetrah 
1 H- 1 .Sbenzodiazepin-S-viyW 3- dimethvlaminolphenvlurea 

20 A solution of 3-Dimethylaminophenyl isdcyante (0.043g) in dry acetonitrile (3ml) was 
added to a solution of the intennediate 95 (0.079g) in dry acetomtirie (SmI) under a 
nitrogen to a solution of the nuxture was stirred at 23C for Ih diluted with DCM, washed 
with brine (30ml), evaporated to gve the crude compound (0. 145g) which was triturated 
with ethyl ether to give the title compound as a white solid (0.046g) M.p. >270. T.l.c. 

25 CH-EA (1:1), Rf 0.61. IR: 3439, 3333(NH); 1715 (C=0). 1610 and 1590 (C=C) cm '; 
*H-NMR: 7.46(dd); 7,38.7.3(m)l 7.20-7. 10(m); 7.06-7.00(m); 6.78(t); 6.69.- 6.58(m); 
6.49(dd); 6.27(d); 5.26(d); 4.49(d); 3.28(d); 2.93(s); 1.88(bs); I.67.1.30(m). 



30 



wo 93/14074 



PCr/EP93/00098 



72 



10 



F.XAMPLE 45 

f+>-N-ri-fAdaniantanmethvn-2 4-dioxo-' >-phenvl-2.3.4.S-tetrahvdro- 
m-1 5bena>diazepm-3-vn -N'-phaivlurea 

Phenyl isocyante (0.033ml) was added to a solution of intermediate 97 (0.096g) in diy 
acetonitrile (9ml). The mixture was stirred at 23" under a nitrogen atmosphere for Ih, 
then it was diluted with dichloromethane (40ml) and washed with brine (2x20ml). The 
organic layer was dried and concentrated in vacao. Crystallisation of the crude material 
from ethyl acetate afiForded the title compound (0.075g) as white needles. M.P. 264-5". 
T.I.C. CH-EA (50:50), Rf 0.77 [alphaJo = +38.4. IR (nujol) : 3400(NH): 1707 and 1653 
(C=0). 1597 and 1551 (C=C) cm'. 'H-NMR: 7.48(d); 7.46-7.20(m); 7.16(m): 
7.04-6.94(m); 6.92(s); 6J7(d); 5.29(d); 4.48(d); 3.38(d); 1.85(m); 1.64-1.30(m). 



EXAMPLE 46 

(+) M-f WAdamantvlmethvl V2.4-dioxo-S-Dhe nvl-2.3.4. 5-tetrahvdro- 

15 5.benzodia7.epin-3.vn-N '-f3-ethoxvcaibonvlphenvniurea 

3-Ethoxycarbonylphenyl isocyante (0;152ml) was added to a solution of intermediate 97 
(0.490g) in dry acrtonitrile (ZOml) under a mtrogen atmosphere. The nuxture was stirred 
at 23" for Ih, then ^uted wiA dichloromethane (20ml) concentrated under vacuum and 
the residue was triturated with diethyl ether to give the CQippguncI as a vMs solid 

20 (0.543g). M.p. 220-1". [alphalB= +60.8, (CHCl,. c^l.020) T.I.C. CH-EA (2:1), Rf 0.35. 
IR: 1709, 1670 and 1690 (CK))cm'; 'H-NMR: 7.93(t); 7.64(m); 7.44-7.39(m); 
7J5-7Jl7(m); 7J24-7.14(m); 7.38(bs); 6.89(dd); 6.58(d); 5.31(d); 4.50(d); 4J4(q); 
338(d); l.85(m); 1.61(m); 1.51(m); 1.45(m); 1.37(m); 1.35(t). 

25 KyAMPLE47 

(+") N-Tl-f l-AdamantvlmethvlV2.4-dioxo-5-phenv l-2.3.4.5-tetrahvdro- 
TH- 1 .Sbenzod ia7« pin-3-vn-N'f3-carfaoxv phen^d)urea 

Alunrinium iodide (0.137g) was added to a suspension of Example 46 (O.lOg) in dry 
acetonitrile (lOml). The reaction mbcture was stirred 6h at 80" then cooled to 23^ diluted 
30 wiA dichloromethane (30ml) and poured into ice (lOg). The aqueous layer was acidified 
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with a 10% solution of hydrochloric add (Inal), washed with 5% solution of sodium 
thiosulphate (20m]) and extracted with dichloromethane (2x25ml). The collected organic 
phases were washed with water (30inl) and brine (lOml) dried and evaporated to give a 
white solid (0.l]8g).'nus material was purified on dlica gel, elated with CH/EA l/I and 
S then EA/Methanot 1/1 to ^ve the title compound (41mg). T.l.c. EA, -Rf 0.64. IR: 3354 
(NH and OH), 1701 and 1684 (C=0) cm''; 'H-NMR: 9.21(s); 7.9-7.8(m); 7.6-7.16(m); 
7.0-6.9(m); 4.99(d); 4.30(d); 3.60(d); 1.83(s); 1.65-1.2(m). 

EXAMPLE 48 

10 N-r2.4-dioxo-7-fluoro-I-r3-methvlbut-l-vlVS-Dhenvl-2.3.4.S-tetrahvdro-lH-l.S- 
benzodiazepin-3-vnN'-f3-dimethvlamino)phenylurea 

3-Dimethylaminophenyl isocyante (O.OSSg) was added to a solution of the intermediate 
100 (0.08g) in dry acetonitrile (5ml) under a nitrogen atmosphere. The mixture was 
stirred at 23** for 30nun.; the obt^ned precipitate vras fihered and washed ^th ethyl ether 
15 to ^ve the title compound as a white solid (0.086g). M.p. 249-5 1°. T.l.C; CH-EA (1:1), 
Rf 0.5. IR: 1705, 1672 and 1636 (C=0), 1607 (C=C) cm-'; 'H^NMR: 7.0-7.50(m); 
6.81(bt); 6.68(dd); 6.62-6.46(dd); 6.51(bs); 6.28(d); 5.31(d); 4.54-3.60(m); 2.92(s); 
1.6-1. 40(m);0.95-0.85(d). 



25 



30 
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Pharmacy Example 
Capsules or Tablets 

5 

Active ingredient 
Polyethylenegiycol 
Lactose 
Starch 

1 0 Magnesium stearate 
Silicon dioxide 
Sodium Lauryl Sulphate 

100.0 

15 

The active ingredient is dispersed in a suitable solvent (e.g. ethanol) together with 
polyethylenegiycol. The solvent is removed. The powder so obtained is blended with the 
other exdpients. The blend can be used to fill gelatine capsules or compressed using 
appropriate punches. The tablets can be coated using conventional techniques and 
20 coatings. 



Active ingredient 0. 1 

Povidone 15.4 

Lactose 74,0 

25 Hydrogenated vegetable oils 3 .0 

Silicon dioxide 10 

Sodium Laauryl sulphate 1 . 5 

Crospovidone 5.0 



30 100.0 



mg/dosage form 

0.1 
15.0 
52.4 
30.0 

0.5 

1.0 

1.0 . 
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The active ingredient is dispersed in a suitable solvent (e.g. ethanol) together with 
povidone. The solution is sprayed on to lactose and the solvent removed. The powder 
obtained is blended with the other excipients. The blend is used to fill gelatine capsules or 
5 comprssed u^ng appropriate punches. The tablet can be coated using conventional 
techniques and coatings. 

Oral liquid 

Active ingredient 70- 1 00 micrograms/dose 

10 ethanol 5-15% 
Sodium saccharinate 0. 1-1% 

Propylene glycol q.b. 1 00% 



Injection Formulation 
15 Active ingredient 
Sodium phosphate 
NaOH 
glyerol 

water for injection 

20 

Pack in glass (ampules) with a rubber stopper (vials, syringes) and a plastic/metal overseal 
(vials only). An inert gas atmosphere (for example nitrogen) may be introduced into dead 
space of container. 

25 CCK - Antaponist Activitv 

The CCK-A antagonist and CCK-B antagonist activites of compounds of the 
invention were determined using the guinea pig isolated ileum longitudinal muscle 
myenteric plexus preparation. The compounds were tested using the procedure G Dal 



0. 1 - 1 00 microgramms 

1.50mg/ml 
qs desired pH (range 3-9) 

10-500 mg/ml 
qs to O.S-lOml 



30 
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Fomo et al L Phannacol. Exp & Then 261 - 1056-1063 1992 and the pKb value for each 
compound was determined. 

The results obtained with representative compounds of the invention were as follows: 

5 Compounds of Ex No. pKb 



10 





CCK-A 


CCK-B 


4 


5.5 


10.1 


14 


6.8 


8.5 


25 


<6.0 


9.1 


26 


<5.5 


8.7 


45 


5.9 


8.9 



CCK - Receptor Binding 



The bincUng affinity of the compounds of the invention for the CCK-A receptor 
(Pancreas Assay) and CCK-B receptor (guinea pig cortex assay) was determined using 
the procedure of G Dal Fomo et al J. Pharmacol. Exp & Ther. 261 - 1056-1063, The pKi 
values determined with respresentative compounds of invention were as follows: 



25 



30 
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Compound Ex No pKi 



5 



10 





CCK-A 


CCK-B 


4 


6.9 


9.6 


7A 


6.33 


8.71 


9 


6.02 


8.31 


11 


5.80 


8.01 


14 


6.15 


8.64 


16 


6.95 


9.17 


25 


6.49 


8.81 


26 


6.30 


8.81 


27 


6.83 


9.54 


30 


7.00 


9.14 


31 


6.76 


8.82 


39 


6.52 


8.72 


41 


6.09 


8.53 


45 


5.95 


9.02 



The compounds of the invention are essentially non-toxic and therapeutically useful doses. 
Thus fore example no untoward effects were obserbved when the compound of Example 
4S was ffven orally to mice and rats at doses at which the compound exhibits anxiolytic 
20 actiA^ty. 



25 



30 
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CLAIMS 



1. Compounds of general formula (I) 



R 



5 




(D 



2 



wherein 



10 represents a phenyl, C3.^ycloalky 1, C7.11 bridgedcycloalkyl or Ci^alkyl group which 

alkyl group may be substituted by a hydroxy, phenyl, C^.^lkoxycarbonyl, 
C^^cloMcyU or C,.ii bridgedcycloalkyl group; 

R^ represents a substituted or unsubtituted phenyl group (wherein the substitutents may 

be 1 or 2 of halo, C^:jaSkyU nitro, cyano, trifluoromethyl, trtfluoromeihoxy, C^^Ikylthio 
15 or (ay„ R* wherein R* is hydroxy, C,^lkoxy, CO jSi^ or NR*Rl 

R^ is phenyl optionally substituted by one or two halogen atoms; 
. B? reprints hydrogen or a C^^lky 1 group; 

R* and R^ independently represent hydrogen or a Cj^alkyl group. 

R® represents hydrogen or a halogen atom; m is zero, 1 or 2; 
^ n is zero or 1; and pharmaceutically acceptable salts and solvates thereof. 

2. Compounds as claimed in Qaim I wherein R^ represents phenyl, phenethyl, bridged 
C7.ijcycloalkyl, C^^allqrl, C,^ hydroxyalkyl, Ci.^lkyl substituted by bridged 
C7.|(^cloalkyl, aikoxycarbonylmethyl or C2.3alkyl substituted by C^^ycloalkyl. 



3. Compounds as claimed in Claim 1 or Claim 2 wherein R^ represents 3-methylbutyl, 
3,3-dimethylbutyl, 2-hydroxy-3-methylbutyl, 2-hydroxy-3,3-dimethylbutyl, 
2-cyclopen^iethyI, 5-norbomenylmethyl or 1-adamantylmethyl. 



25 



30 
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4. Compoiinds as claimed in any of Claims 1 to 3 wherein represents phenyl 
optionally substituted by bromine, chlorine, fluorine, methyl, methoxy, methylthio, 
trifluoromethoxy, cyano, dimethylamino, or (CtL^jCO^^ wherein is hydrogen or 
q^lkyh 

5 

5. Compounds as claimed in any of claims 1 to 4 wherein R^ represents phenyl 
optionally substituted by methoxy, cyano, nitro, methylthio, dimethylamino, 
ethoxycarbonyl or carboxyL 

^ 6. Compounds as claimed in any of Claims 1 to 5 wherein R^ represents phenyl 
optionally substituted by fluorine in ortho or para position. 

7. Compounds as claimed in any of Claims 1 to 6 wherein R^ represents hydrogen, 
chlorine or fluorine. 

^ 8. Compounds as claimed in any of Qaims 1 to 7 having the configuration 



R 



20 




(la) 

9. N-phenyl-N'-[2,3,4,5-tetrahydro-2,4-dioxo-l-(l.adamantylmethyl)-5- 
phenyMH-l,5-benzodiazepin-3-yl]urea and the (+) enantiomer thereof and salts thereof. 

25 

10. N-[l-(l-Adamantylmethyl)-2,4-dioxo«5-phenyl-2,3,4,5-tetrahydro-lH-l,5- 
benzodiazepin- 3-yl]-N -(3-carboxyphenyl)urea 

N-phenyl-N'-[2,3,4,5-tetrahydro-2,4-didxo-l-(3-methylbutyl>-5- 
phenyl-lH-l,5-benzodiazepin-3-yl]urea; 

30 



SUBSTITUTE SHEET 
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N-(3-dimethylaminophenyl)-N'-[2,3,4,5,-tetrahydro-2,4-dioxo-l-^^^ 
methyIbutyl)-5-<2-fluorophenyl)-lH-l,5-ben2odiazepin-3-yl]ur^ 
and the (+) enantiomers thereof and salts thereof. 

5 11. Compounds as claimed in any of claims 1 to 10 for in therapy. 

12. The use of a compound as claimed in any one of Claims 1 to 10 in the manufacture 
of a medicament for the treatment of conditions where a modification of the effects of 
gastrin and or CCK is of therapeutic benefit 

10 

13. Pharmaceutical compositions comprising a compound as claimed in any of Claims 1 
10 10 in admbcture with one or more physiologically acceptable carriers or excipients. 

14. A method of treatment of a mammal including roan for conditions where 

15 modification of the effects of gastrin and or CCK is a therapeutic benefit comprising 
administration of an effective amount of a compound as claimed in any of claims 1 to 
10. 

15. A process for the preparation of compounds as defined in Claim 1 whidi comprises 
20 (a) reacting a compound of formula (II), wherein R\ R^ and m are as defined in 

formula (I) and X represents the group -N=C=:0 or NHCOR' wherein R' is an optionally 
substituted phenoxy group or a 1-imidazole group 



1 

R 



25 




with an amine of formula (III) 
30 NHjRj (III) 
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wherein has the meaning defined in formula (I) or is a group convertible thereto, 
(b) ac^lating an amine of formula (IV) 



by reaction with an isoqranate of formula (V) or a carbamoyl chloride of formula (VI). 



0=C=NR' (V) C1C(0)NHR' (VI) 

(c) hydrolysis of a compound of formula (I) in which R' is a phenyl group substituted by 
an alkoxycaibonyl group to yield a compound of formula (I) in which R* is a phenyl 
group substituted by carboxyl; 

and thereafter, if necessary or desired converting the resultant compound, either before 
or after any separation into its stereochemical isomers into another compound of the 
invention. 



R 



5 




10 



20 



25 



30 
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